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CASSAVA VEIN MOSAIC VIRUS PROMOTERS 



AND USES THEREOF 



DESCRIPTION 



TECHNICAL FIELD 

This invention relates to compositions and methods useful 
in the production of transgenic plants. In particular, the 
invention relates to the plant virus (CsVMV) promoter sequences 
and to expression cassettes containing CsVMV promoter sequences. 
The invention also relates to vectors and transgenic plants 
containing CsVMV promoter sequences that are operably linked to 
heterologous DNA sequences. In addition, the invention relates 
to methods of producing transgenic plants by using vectors 
containing CsVMV promoter sequences. 



BACKGROUND OF THE INVENTION 

Isolated plant virus promoters are useful in the genetic 
engineering of plants to produce transgenic plants with desired 
phenotypic characteristics. In order to produce such transgenic 
plants, an isolated promoter is inserted into a vector and 
operably linked to a heterologous DNA sequence. Plant cells can 
then be transformed in a variety of ways by DNA constructs 
containing an isolated promoter fused to heterologous DNA 
sequences. The result of this transformation is that the 
promoter operably linked to the heterologous DNA is inserted 
into the genome of the transformed plant cell. Furthermore, the 
regulation of the expression of the heterologous DNA in the 
transformed plant cell is controlled by the promoter. 

There are a variety of different approaches for producing a 
desired phenotype in a transgenic plant, depending on the nature 
of the heterologous sequences coupled to the isolated promoter. 
For example, expression of a novel gene that is not normally 
expressed in plant or in a particular tissue of a plant may 
confer a phenotypic change. Alternatively, the expression of a 
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sense or an antisense construct introduced into transgenic 
plants can cause the inhibition of expression of endogenous 
plant genes. This inhibition of expression can, in turn, 
produce the desired phenotypic change. 

There is a need for a variety of different promoters to be 
used in the genetic engineering of plants. These promoters are 
of several types. Constitutive promoters are one such commonly 
used type of promoter. Constitutive promoters are those which 
are capable of expressing operably linked DNA sequences in all 
tissues of a plant throughout normal development. In contrast 
to constitutive promoters, tissue-specific promoters are those 
promoters that are capable of selectively expressing 
heterologous DNA sequences in certain plant tissues. Promoters 
may also be inducible, e.g., by application of external inducing 
agents. Constitutive, inducible and tissue-specific promoters 
are used in the genetic engineering of plants, and have value 
for many different potential applications in this field. 

Constitutive plant promoters may be obtained by isolating 
the regulatory region of a plant operon that is const itutively 
expressed. In addition to promoters obtained from plant genes, 
there are also promoters of bacterial and viral origin which 
have been used to const itutively express novel sequences in 
plant tissues. Examples of such promoters from bacteria include 
the octopine synthase (ocs) promoter, the nopaline synthase 
(nos) promoter and others derived from native Ti plasmids (see 
Herrera-Estrella et al, Nature . 303:209-213, 1983). The 35S and 
19S promoters of cauliflower mosaic virus are commonly used 
examples of viral promoters, (see Odel et al , Nature, 313:810- 
812, 1985) . 

In contrast to constitutive promoters, tissue-specific 
promoters are generally isolated from the promoter regions of 
plant genes that are selectively expressed in a specific plant 
tissue. These promoters can be fused with a heterologous DNA 
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sequence and used to transform a plant cell to create transgenic 
plants that selectively express the heterologous DNA in a 
specific tissue. For example, the promoter regions from the 
f ruit- specific , ethylene regulated genes E4 and E8 and from the 
fruit -specific polygalacturonase gene have been used to direct 
fruit specific expression of a heterologous DNA sequence in 
transgenic tomato plants. (See Cordes et al # Plant Cell. 1;1025- 
1034, 1989; Deikman et al , EMBO J. , 7;3315-3320, 1988; and 
Delia Penna et al, Proc . Na tl. Acad. Sci. USA. 83:6420-6424, 
1986 . ) 

Aspects of characterization, including genomic cloning, 
molecular characterization and sequencing, and description of 
the promoters, from several different plant viruses have been 
described, including cauliflower mosaic virus (CaMV) , Hull, in 
"Virus Taxonomy", eds. Murphy et al . , Wein, New York, Springer- 
Verlag, ppl89-192, 1995; commelina yellow mottle virus 
(ComYMV) , Medberry et al , Nuc.Acid Res. . 18:5505-5513, 1990; 
rice tungo bacilliform virus (RTBV) , Hay et al, N\1C . Acids R^S ■ , 
19:2615-2621, 1991; sugarcane bacilliform virus (ScBV) , Bouhida 
et al, J . Gen . Virol . , 74:15-22, 1993; soybean chlorotic mottle 
virus (SbCMV) Hasegawa et al, Nuc. Acids Res, , 17:9993-10013, 
1989; figwort mosaic virus (FMV) , Richins et al, Nuc. Acids 
Res . , 15:8451-8466, 1987; carnation etch ringspot virus (CERV) , 
Hull et al, EMBO J. . 5:3083-3090, 1986; peanut chlorotic streak 
virus (PCSV) , Reddy et al, Phytopathol . . 83:129-133, 1993; 
strawberry vein banding virus (SVBV) , GeneBank Accession No. 
X97304; and cacao swollen shoot virus (CSSV) , GeneBank Accession 
No. L14546. 

Cassava vein mosaic virus (previously referred to as CVMV, 
now referred to as CsVMV) was described by Calvert et al , 
G<=m . Virol . . 76:1271-1276, 1995, and sequence data is also 
published as GeneBank Accession Nos ♦ U59751 and U20341. In 
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addition, the CsVMV promoter was recently described by Verdaguer 
et al, Plant Mol ■ Biol. . 31:1129-1139, 1996. 

The discovery of both new constitutive promoters and new 
tissue-specific promoters is desired for the controlled 
5 expression of various nucleic acid sequences that are engineered 
into transgenic plants. There are many valuable potential 
applications of genetic engineering of plants. A variety of 
plant promoters with different characteristics and which are 
effective in different species of plants is desirable in order 
10 to bring these potential applications into practice. 

BRIEF SUMMARY OF T HE INVENTION 

A promoter derived from CsVMV has now been cloned and 
molecularly characterized that can be used in a variety of 
UJ 15 transgenic plant cell types as a promoter for heterologous gene 
*T expression. The CsVMV promoter, and the derivative promoters 

%a described herein, provide a variety of advantages and benefits. 

fU The promoters are shown to be active in both monocot and 

O dicot plant species, and therefore can be readily applied to a 

^ 20 variety of cultivated crops. Although generally constitutive, 

the derivative promoters described herein include promoters that 
can regulate expression in a tissue- specific manner, and 
therefore are useful for controlling expression of heterologous 
genes in a tissue-specific manner. 
25 Thus in one embodiment the invention contemplates an 

isolated nucleic acid molecule comprising a promoter nucleotide 
sequence that is capable of initiating transcription of an 
operably linked heterologous nucleic acid sequence in a plant 
cell wherein the nucleotide sequence has at least 80% identity 
3 0 to 18 sequential nucleotides of the cassava vein mosaic virus 
(CsVMV) promoter shown in SEQ ID NO 3 (pA) . 

A preferred nucleic acid molecule comprises a nucleic acid 
sequence selected from the group consisting of CVPl, CVP2 , pA, 
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pB, pC, pD, pE, pAB, PaC/ pADl, pAD2 , pAD3 , pADEl , pADE2 , pADE3 
and paE. 

Also contemplated is a vector comprising a promoter 
nucleotide sequence of the invention that is operatively linked 
5 to a heterologous nucleic acid sequence. A chimeric gene 

comprising the promoter operatively linked to a heterologous 
nucleic acid sequence is also described. 

The invention further contemplates a transgenic plant 
comprising a promoter nucleotide sequence of the invention that 
10 is operatively linked to a heterologous nucleic acid sequence. 
The invention also describes a method of expressing a 

s i 

~J heterologous nucleic acid sequence in a plant cell comprising: 

jL-? a) transforming a plant cell with a vector of the 

[U invention ; and 

y 15 b) growing the plant cell under conditions where the 

™ heterologous nucleic acid sequence is expressed in the plant 

5 cell. 

Rj Other advantages and benefits will be readily apparent to 

ri one skilled in the art based on the disclosure herein 

u 20 

RPTF.F DESCRIPTION OF THE DRAWINGS 

In the drawings forming a portion of this disclosure: 
Figure 1 illustrates a schematic diagraming the structure 
of a CsVMV promoter in the CsVMV viral genome and the 

25 construction of an uidA fusion gene containing either the CVP1 
or CVP2 CsVMV promoter fragments as described in Example 1. 
Positions of the promoter fragments are numbered in the CsVMV 
genomic DNA. The CVP1 fragment was isolated using Alul 
restriction sites while the CVP2 fragment which included an 

30 additional 75 nucleotide at the 5* end and 52 nucleotides at the 
3 1 end was obtained by PCR amplification using primers as 
described. The 3 1 end of CVP2 is just upstream of the first ATG 
codon in the viral genome. The transcription start site ("Tsp", 
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right arrow) and the position of the consensus tRNA binding site- 
("tRNAmet") are also indicated. The schematic is not drawn to 
scale . 

Figurte 2 illustrates the determination of the transcription 
start site of the CsVMV promoter as described in Example 2 . 
Primer extension reactions were carried out as described and the 
products of the, extension reactions obtained with two annealing 
temperature (30^C and 40°C) and reference sequencing reactions of 
CVPl-uidA gene construct (lane A, C, G and T) performed with the 
same labeled primer, were subjected to electrophoresis in a 7M 
urea, 7.5 % polyacrwLamide gel. The plus strand DNA sequence 
(complementary to the\ sequence read on the gel) is shown and the 
transcription start si^e (A*) is indicated by an arrow at 
nucleotide number (nt . ) y604. Numbers correspond to the 
nucleotide sequence numbers of the CsVMV genome, Calvert et al, 
J Gen Virol , 76:1271-1276, N,995 . 

Figure 3 illustrates the nucleotide sequence of the CsVMV 
promoter region also shown in SEQ ID NO 3, including the CVP1 
and CVP2 promoter fragments as described in Example 2 . Using a 
transcription-based numbering system that is different from the 
genomic sequence numbering system, the transcription start site 
is designated +1. Consensus TATA box, asl like sequence, Lam et 
al, Proc Natl Acad of Sci USA . 86:7890-7894, 1989, and the 
region homologous with the ComYMV promoter, Medberry et al, 
Plant J , 619-626, 1993, are boxed. Alul sites (arrows) indicate 
the 5 ! and 3 1 ends of the CVP1 promoter. Sequence motifs 
similar to previously characterized cis-elements in plant 
promoters are underlined (motifs with similarities with the box 
I element, Donald et al , EMBO J . 9:1717-1726, 1990, of the rbcS 
promoter, MNF1 binding site, Yanagisawa et al , Plant Mol Biol, 
19:545-553, 1992, SV40 core enhancer, Ondek et al, EMBO J . 
6:1017-1025, 1987, are indicated). 
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Figure 4 illustrates the comparison of the genomic 
organization of CsVMV with viral genomes of caulimoviruses and 
badnaviruses as described in Example 2. All the maps start at 
the beginning of the intergenic region, ORFs or ORF segments 
5 encoding similar putative functions are linked by vertical 

lines. The numeral u l" indicates the origin of DNA replication. 
*: MP active site; ♦: RT active site; ±:TAV active center; 
*:RNA binding site; <>:PR active site; I: RNAse H consensus 
sequence . 

10 Figure 5 illustrates expression of the CsVMV promoters in 

tobacco and cassava protoplasts as described in Example 7. a) . 
J3 Chimeric uidA gene constructs were co- introduced with a plasmid 

f5 to express luciferase into protoplasts of cassava (stippled 

bars) and tobacco (crosshatched bars) via electroporation . 
yj 15 Promoter activity is expressed as a ratio between GUS activity 
E and LUC activity of the same protein extract. As a consequence, 

[7 GUS activity is measured as pmol 4 -methylumbellif eryl-p-D- 

l~y glucuronide (MUG) per hour per unit of light emitted. Bars 

□ represent the average of four independent experiments +/- 

^ 20 standard errors. Each experiment was carried out with a 

different protoplast preparation. pe35GN is a construct where 
the "enhanced" 35S promoter, Kay et al , Science . 236:1299-1302, 
1987, controls the transcription of the uidA gene. pGNlOO is a 
control plasmid that contains a promoter- less uidA gene. 
25 Figures 6A-6J illustrate histochemical localization of GUS 

expression in transgenic tobacco and rice plants containing a 
CsVMV promoter-uidA chimeric gene as described in Example 7 b) . 
GUS activity is indicated in the transgenic tissues by a dark 
indigo dye precipitate after staining with X-Gluc. A: tobacco 
30 leaf section; B: detail of tob.acco leaf section showing vascular 
tissues of the midrib (xlO) ; C: transverse section through 
tobacco leaf lamina (x30) ; D: vascular tissues in tobacco stem 
cross-section (x30) ; E: tobacco roots (xlO) ; F: transverse 



WO 97/48819 



-8- 



PCTYUS97/10376 



section through tobacco ovary (xlO) ; G: rice leaf cross-section 
(x50) ; H: Cross - section of a rice leaf sheath (x50) ; I: rice 
flower split axially and subsequently stained for GUS activity 
(xlO) ; J: GUS transient expression on cassava stem from in- vitro 
5 plantlet (x5) ♦ bs: bundle sheath; cy: chlorenchyma; ep: 

external phloem; ip: internal phloem; mx: metaxylem; p: phloem; 
ph: pith; pm: palisade mesophyll; pp : phloem parenchyma; py: 
parenchyma; rt : root tip; sc : sclerenchyma ; sm: spongy 
mesophyll; x: xylem; xp : xylem parenchyma. 
10 Figures 7A and 7B illustrate the quantitative distribution 

of GUS activity in different organ tissues among tobacco (A) and 
2 rice (B) transgenic plant lines expressed by the CsVMV/uidA 

chimeric gene as described in Example 7 b) . Specific GUS 
[M activity is expressed as picomoles (pmol of 4 -methyl 

Ly 15 umbellif erone (4MU) per milligram of protein per minute. 
'T\ Transgenic tobacco or rice lines containing either CVP1 (solid 

H dots) or CVP2 (open dots) in a chimeric gene were assayed for 

fy GUS activity in young (Y) leaves 3 to 5 cm in length, mature (M) 

Mi 

H leaves 10 or more cm in length, stems (S) , roots (R) and leaf 

^20 sheath explants (ST) . Samples for protein extraction were taken 
from mature (5-7 weeks old) Rl transgenic tobacco plants grown 
in a greenhouse. Rice plants used were R0 transf ormants (2 
months old) grown in a greenhouse. Each dot represents a single 
independent transgenic line. The number of lines tested is 
25 indicated in the figure. Mean level of GUS activity in the 

different organs and for each construct is indicated by a solid 
arrow. The logarithmic scale was used to accommodate the large 
variation between lines. 

Figure 8 illustrates a schematic representation of the 
3 0 various chimeric CsVMV promoter/uidA gene fusion expression 

constructs prepared as described in Example 9 . The names of the 
different plasmids containing the constructs and the end points 
of the 5' and internal deletions in the constructs are indicated 
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on, the left side of the figure. Internal deletions are 
indicated by the symbol u a" . pA contains the full length CsVMV 
promoter illustrated in Figure 3. All 5' end deleted promoters 
have a BamHI site at their 5 f ends. Internal deletions were 
created by BamHI ligation of the 5' end truncated promoters with 
3 1 . end deleted promoter fragments. 

Figures 9A-9I illustrate the histochemical localization of 
GUS expression in transgenic tobacco plants containing CsVMV 
promoter/uidA chimeric gene deletion constructs as described in 
Example 10 b) . All pictures are cross- sections of young 
expanded leaves from 5 week old transgenic tobacco plants, 
except for pictures h and I. a) pB; b) pD; c) pE; d) paC; e) 
pADl; f) pADEl; g) pADE2 ; h) leaves from 10 day old transgenic 
seedlings carrying the pB construct (right) or pD construct 
(left) ; I) roots from transgenic tobacco plants containing the 
pC construct (top) or pD construct (bottom) . m: mesophyll; v: 
vein; py: parenchyma; RT : root tip. 

Figure 10 illustrates GUS enzyme activity in transgenic 
tobacco leaves expressed by CsVMV promotor/uidA chimeric gene 
deletion constructs as described in Example 10 c). Proteins 
were extracted from leaf discs collected from young explanted 
leaves of 5 weeks old transgenic plants. For each construct, 6- 
10 independent transgenic lines were assayed for GUS activity. 
The data are expressed as described in Figure 7. Results from 
each plant is shown as an open dot. Each different promoter 
construct is indicated separately. The average GUS level in 
indicated by a vertical arrow. A logarithmic scale was used to 
accommodate the large variation between transgenic lines. 

Figure 11 illustrates transient GUS expression by CsVMV 
promoter/uidA chimeric gene constructs in BY- 2 (crosshatched 
bars) and leaf mesophyll (diagonal striped bars) protoplasts as 
described in Example 10 e) . Electroporated protoplasts prepared 
from BY- 2 cell suspension or from tobacco leaves were analyzed 
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for GUS activity after 24' hours of culture. The various 
indicated promoter constructs were cotransf ected with a 
lucif erase plasmid as an internal standard. GUS expression 
levels were normalized in relation to the luciferase expression 
and expressed as a percentage relative to GUS expression using 
full-length promoter activity in which a 100% value was assigned 
to the construct pA. Each bar each represents the average of 
four independent experiments, with +/- standard errors also 
shown . 

Figure 12 illustrates a schematic representation of the 
functional map of the CsVMV promoter as described in Example 11. 
The numbers indicate relative positions and features using the 
transcription start site numbering system of Figure 3 . Vertical 
arrows indicate tissue specific functions, with the relative 
importance of the domain to that function indicated by the 
relative size of the arrow. Arrows at the top of the figure 
represent the synergistic interactions discussed in Example 11. 
Motifs asl, GATA and GTAA are identified and play important 
roles in promoter regulatory function. 

DETAILED HP.S HP T PT T ON OF THE INVENTION 
A. Dpfinitions 

The term "nucleic acids", as used herein, refers to 
either DNA or RNA. "Nucleic acid sequence" or "polynucleotide 
sequence" refers to a single- or double-stranded polymer of 
deoxyribonucleotide or ribonucleotide bases read from the 5 1 to 
the 3' end. It includes self -replicating plasmids, infectious 
polymers of DNA or RNA and nonfunctional DNA or RNA. In the 
polynucleotide notation used herein, unless specified otherwise, 
the left hand end of single- stranded polynucleotide sequences is 
the 5 ! end; the left hand direction of double -stranded 
polynucleotide sequences is referred to as the 5' direction. 
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The term "promoter" refers to a region of DNA upstream from - 
the translational start codon and which is involved in 
recognition and binding of RNA polymerase and other proteins to 
initiate transcription. A "plant promoter" is a promoter 
capable of initiating transcription in plant cells. The terms 
"CsVMV plant promoter" or "CsVMV promoter" as used herein refer 
to promoters derived from the promoter region of a CsVMV genome, 
and as further defined herein. 

The terms "constitutive promoter or constitutive plant 
promoter" as used herein refer to a plant promoter which is 
capable of expressing operably linked DNA sequences in all 
tissues or nearly all tissues of a plant during normal 
development. The terms "inducible promoter" or "inducible plant 
promoter", as used herein, refer to plant promoters that are 
capable of selectively expressing operably linked DNA sequences 
at particular times or in particular tissues in response to 
endogenous or external stimuli. 

The term "tissue-specific promoter" as used herein refers 
to promoters that are capable of selectively expressing operably 
linked DNA sequences in particular tissues. This means that the 
expression of the operatively linked DNA sequences is higher in 
one or several plant tissues than it is in the other tissues of 
the plant. For example, the CsVMV promoter present in the 
construct pADEl is a tissue- specif ic promoter that selectively 
expresses operably linked heterologous DNA sequences in root tip 
tissue . 

The term "operatively or operably linked" as used herein 
refers to linkage of the promoter 5' relative to the 
heterologous nucleic acid sequence such that the promoter 
mediates transcription of the linked DNA sequence. It is 
understood that the promoter sequence also includes transcribed 
sequences between the transcriptional start and the 
translational start codon . 
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The phrase "expression cassette", refers to nucleotide 
sequences which are capable of directing expression of a nucleic 
acid sequence or a structural gene in hosts compatible with such 
sequences. Such cassettes include at least promoters and 
transcription termination signals. Additional factors necessary 
or helpful in effecting expression may also be used as described 
herein . 

The term "vector", refers to expression systems, nucleic 
acid-based shuttle vehicles, nucleic acid molecules adapted for 
nucleic acid delivery, and autonomous self -replicating circular 
DNA (e.g., plasmids, cosmids, phagemids and the like). Where a 
recombinant microorganism or cell culture is described as 
hosting an "expression vector, " this includes extrachromosomal 
circular DNA (such as mitochondrial DNA or chloroplasts) , DNA 
that has been incorporated into the host chromosome (s) , or both. 
Where a vector is being maintained by a host cell, the vector 
can either be stably replicated by the cells during mitosis as 
an autonomous structure, incorporated within the host's genome, 
or maintained in the host's nucleus or cytoplasm. 

The term "plasmid" refers to an autonomous circular DNA 
molecule capable of replication in a cell, and includes both the 
expression and nonexpression types. Where a recombinant 
microorganism or cell culture is described as hosting an 
"expression plasmid", this includes both extrachromosomal 
circular DNA molecules and DNA that has been incorporated into 
the host chromosome (s) . Where a plasmid is being maintained by 
a host cell, the plasmid is either being stably replicated by 
the cells during mitosis as an autonomous structure or is 
incorporated within the host's genome. 

A "heterologous sequence", a "heterologous DNA sequence", 
or a "heterologous nucleic acid sequence" as used herein, is one 
that originates from a foreign source (or species) or, if from 
the same source, is modified from its original form. Thus, a 
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heterologous DNA encoding sequence operably linked to a promoter - 
is from a source different from that from which the promoter was 
derived, or, if from the same source, is modified from its 
original form. Modification of the heterologous DNA sequence 
may occur, e.g., by treating the DNA with a restriction enzyme 
to generate a DNA fragment that is capable of being operably 
linked to the promoter. Modification can also occur by 
techniques such as site-directed mutagenesis. 

The phrase "selectively hybridizing to" refers to a nucleic 
acid probe that hybridizes, duplexes or binds only to a 
particular target DNA or RNA sequence when the target sequences 
are present in a preparation or total cellular DNA or RNA. 
"Complementary" or "target" nucleic acid sequences refer to 
those nucleic acid sequences which selectively hybridize to a 
nucleic acid probe. Proper annealing conditions depend, for 
example, upon a probe's length, temperature, base composition, 
and the number of mismatches and their position on the probe, 
and must often be determined empirically. For discussions of 
nucleic acid probe design and annealing conditions, see, for 
example, Sambrook et al, Molecular Cloning: A Laboratory Manual 
(2nd ed.), Vols. 1-3, Cold Spring Harbor Laboratory, (198 9) or 
Current Protocols in Molecular Biology, Ausubel et al , ed. 
Greene Publishing and Wiley- Interscience , New York (1987) . 

The phrase "nucleic acid sequence encoding" refers to a 
nucleic acid which codes for the expression of a specific 
protein, peptide or nucleic acid. The nucleic acid sequences 
include both the DNA strand sequence that is transcribed into 
RNA and the RNA sequence that is translated into protein. The 
nucleic acid sequences include both the full-length nucleic acid 
sequences as well as non full-length sequences derived from the 
full length sequence. It being further understood that the 
sequence includes the degenerate codons of the native sequence 
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or sequences which may be introduced to provide codon preference - 
in a specific host cell. 

The term "isolated" when referring to nucleic acid 
sequences and molecules, refers to subject nucleic acids that do 
not contain the naturally occurring adjacent counterpart 
sequences, such as the CsVMV promoter in the context of the 
CsVMV genome, but rather are manipulated to be separated from 
other portions of the CsVMV genome, or to be recombined with 
heterologous sequences . 

The phrase "substantially pure" when referring to nucleic 
acids indicates that the subject nucleic acid is purified from 
its biological source and is the predominant molecular species 
in the composition at hand, and preferably is at least 50% pure, 
and more preferably at least 90% pure nucleic acid as compared 
to other materials, such as protein, carbohydrate, lipids, and 
the like. 

The term "plant" includes whole plants, plant organs (e.g., 
leaves, stems, roots, etc.), seeds and plant cells and progeny 
of same. The class of plants which can be used in the method of 
the invention is generally as broad as the class of higher 
plants amenable to transformation techniques, including both 
monocotyledonous (monocots) and dicotyledonous (dicots) plants. 
It includes plants of a variety of ploidy levels, including 
polyploid, diploid and haploid. 

The term "transgenic plant 11 refers to a plant that has been 
produced by genetic engineering techniques. For example, plant 
cells transformed with vectors containing CsVMV promoters 
operably linked to heterologous DNA sequences can be used to 
produce transgenic plants with altered phenotypic 
characteristics . 

The following terms are used to describe the sequence 
relationships between two or more nucleic acids or 
polynucleotides: "reference sequence", " comparison window" , 
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sequence identity", "percentage of sequence identity 11 , and 
substantial identity". A "reference sequence" is a defined 
sequence used as a basis for a sequence comparison; a reference 
sequence may be a subset of a larger sequence, for example, as a 
5 segment of a full-length gene sequence given in a sequence 
listing, such as the nucleic acid sequence or may comprise a 
complete gene sequence . 

Optimal alignment of sequences for aligning a comparison 
window may be conducted by the local homology algorithm of Smith 
10 et al, Adv. Appl . Math. , 2:482, 1981, by the homology alignment 
algorithm of Needleman et al , J . Mol . Biol . . 48:443, 1970, by 

O 

the search for similarity method of Pearson et al, Proc . Natl . 
Acad. Sci . (USA) , 85:2444, 1988, or by computerized 
W implementations of these algorithms (GAP, BESTFIT, FASTA, and 

yj 15 TFASTA in the Wisconsin Genetics Software Package Release 7.0, 

DL? 

J' Genetics Computer Group, 575 Science Dr., Madison, Wis.). Other 

methods are described herein. 
fU The terms "substantial identity" or "substantial sequence 

H identity" as applied to nucleic acid sequences and as used 

w 20 herein denote a characteristic of a polynucleotide sequence, 
wherein the polynucleotide comprises a sequence that has at 
least 85 percent sequence identity, preferably at least 90 to 95 
percent sequence identity, and more preferably at least 99 
percent sequence identity as compared to a reference sequence 
25 over a comparison window of at least 20 nucleotide positions, 

frequently over a window of at least 25-50 nucleotides, wherein 
the percentage of sequence identity is calculated by comparing 
the reference sequence to the polynucleotide sequence which may 
include deletions or additions which total 2 0 percent or less of 
3 0 the reference sequence over the window of comparison. The 

reference sequence may be a subset of a larger sequence, for 
example, as a segment of the CsVMV promoter regions disclosed 
herein. 
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B. Cassava Vfi-in Mosa ic Virus (CsVMV) Promoters 

This invention provides for CsVMV promoters and for 
DNA constructs containing a CsVMV promoter operably linked to a 
heterologous nucleic acid sequence . A CsVMV promoter is a 
promoter nucleotide sequence that is capable of initiating 
transcription of the heterologous nucleic acid sequence when 
present in a transcription medium capable of supporting 
transcription, such as in a plant cell, a plant or the like 
environment as described herein. The promoter initiates 
transcription of a heterologous nucleic acid operatively linked 
to the promoter. 

As used herein, "CsVMV promoter" includes the wild- type 
CsVMV promoter identified herein, fragments thereof, such as the 
CVP1 and CVP2 fragments described herein, and derivatives 
thereof, such as the deletion constructs described herein, all 
which share the property of including nucleotide sequences 
derived from the sequence of the full-length CsVMV promoter 
described herein and shown in SEQ ID NO 3 . 

A preferred CsVMV promoter is a nucleotide sequence that 
has at least 80% identity to 18 sequential nucleotides of the 
CsVMV promoter shown in SEQ ID NO 3 . Preferably, the identity 
is at least 90%, and more preferably is at least 98%. 
Preferably the identity is present in 20 sequential nucleotides, 
and more preferably in 25 sequential nucleotides. Percentage 
identity is a measure of the number of identical nucleotides in 
an uninterrupted linear (i.e., sequential) sequence of 
nucleotides when compared to a target nucleotide sequence of 
specified length. 

As used herein, "identity" of a nucleotide sequence means 
that the compared nucleotide residues in two separate sequences 
are identical. Thus, 100% identity means, for example, that 
upon comparing 25 sequential nucleotides in two different 
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molecules, both residues in all 25 pairs of compared nucleotides 
are identical . 

A transcription medium can be any of a variety of 
environments, as is well known in the plant biotechnical arts, 
and therefore need not be limiting. However, exemplary and 
preferred mediums include a plant cell transformed by a nucleic 
acid comprising the subject promoter, such as a cultured plant 
cell, plant protoplasts, or other plant tissue culture 
configurations, non-differentiated plant cells, differentiated 
plant cells such as in cultured plant lets, transgenic plants, 
mature plants, and the like media. Also included are in vitro 
biochemical expression systems which comprise a reconstituted 
expression medium composed of purified proteins, substrates and 
components required to support transcription, as are known in 
the art . 

A promoter of this invention can' take the form of an 
isolated nucleic acid, a chimeric gene, an expression cassette, 
and the like recombinant DNA (rDNA) forms, as defined herein. 

An isolated nucleic acid molecule comprises a promoter 
nucleotide sequence that contains a CsVMV promoter as described 
above . 

A chimeric gene is a fusion comprising two different 
nucleotide sequences in which a subject promoter nucleotide 
sequence is operatively linked to a heterologous nucleic acid 
sequence such that, in an appropriate transcription medium, the 
heterologous nucleic acid is transcribed under the control of 
the subject promoter. Exemplary heterologous nucleic acid 
sequences for use in a chimeric gene can be any nucleic acid 
sequence that encodes a useful gene product. Useful gene 
products and heterologous nucleic acid sequences are described 
further herein. 

Particularly useful are the various promoters described 
herein which allow control over the type of plant or plant 
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tissue in which transcription will be promoted. For example, 
described herein are promoters which are constitutive for 
expression in a large variety of plant types, both monocot and 
dicot, including most tissues of the plant, and there are 
promoters described which preferentially limit transcription to 
certain tissues of the plant. 

A preferred promoter nucleotide sequence comprises a 
nucleotide sequence that is derived from the CsVMV promoter 
shown in SEQ ID NO 3 . "Derived from" in this context means the 
subject promoter was either made from, as by mechanical 
manipulation of the CsVMV promoter by deletions, fragmentation 
or substitution, or was designed from, as by analysis of the 
sequence and design and synthesis of a sequence, which 
derivative retains important, functional features of the CsVMV 
promoter as identified herein. 

Preferably, a promoter nucleotide sequence is one of the 
sequences described herein, i.e., any one of the promoter 
sequences present in the constructs named CVP1, CVP2 , pA, pB, 
pC, pD, pE, pAB, pAC, pADl, pAD2 , pAD3 , pADEl, pADE2 , pADE3 and 
pAE. These preferred promoter nucleotide sequences are shown in 
the Sequence Listing herein as SEQ ID Nos 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13, 14, 15 and 16, respectively. 

CsVMV promoters are useful in the production of transgenic 
plants. Desired phenotypes are produced in transgenic plants as 
a result of transformation of plant cells by a DNA construct 
containing heterologous DNA sequence operably linked to a CsVMV 
promoter. A DNA construct therefore can comprise an expression 
cassette in any of a variety of expression vectors for use in a 
variety of plant cells. 

There are a variety of methods known to those of skill in 
the art which may be used for preparation or isolation of CsVMV 
promoters. For example, CsVMV promoters can be isolated from 
genomic CsVMV DNA fragments. 
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CsVMV promoter sequences can also be isolated by screening 
plant cDNA libraries with oligonucleotide probes having 
sequences derived from the DNA sequence of the CsVMV promoter 
depicted herein. The various cloning methodologies described 
herein can also be used for the isolation of CsVMV promoters 
using the CsVMV promoter sequence of SEQ ID NO 3 . Other methods 
known to those of skill in the art can also be used to isolate 
plant DNA fragments containing CsVMV promoters. See Sambrook, 
et al, for a description of other techniques for the isolation 
of DNAs related to DNA molecules of known sequence. 

To prepare a cDNA library, mRNA is isolated from a tissue 
which expresses a target expressed gene to be cloned. For 
instance, the pericarp tissue of the fruit of a plant can be 
used. cDNA is prepared from the mRNA and then a second, 
complementary DNA strand is synthesized. Subsequently, this 
duplex DNA molecule is ligated into a recombinant vector. The 
vector is transfected into a recombinant host for propagation, 
screening and cloning. Methods for making and screening cDNA 
libraries are well known. See Gubler et al, Gene, 25:263-269, 
1983 and Sambrook, et al . 

For a genomic library, typically the DNA is extracted from 
plant tissue and either mechanically sheared or enzymatically 
digested to yield fragments of about 15-20 kb . The fragments 
are then separated by gradient centrif ugation from undesired 
sizes and are constructed in bacteriophage lambda vectors. 
These vectors and phage are packaged in vitro, as described in 
Sambrook, et al . Recombinant phage are analyzed by plaque 
hybridization as described in Benton et al , Science, 196:180- 
182, 1977. Colony hybridization is carried out as generally 
described by Grunstein et al , Proc . Natl. Acad. Sci. USA. , 
72:3961-3965, 1975. DNA of interest can be identified in either 
cDNA or genomic libraries by its ability to hybridize with 
nucleotide acid probes, for example on Southern blots, and these 
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DNA regions are isolated by standard methods familiar to those 
of skill in the art. See Sambrook, et al. 

Nucleic acid amplification techniques such as polymerase 
chain reaction (PCR) technology, can he used to amplify nucleic 
acid sequences from mRNA, from cDNA, and from genomic libraries 
or cDNA libraries- In PCR techniques, oligonucleotide primers 
complementary to the two 3' borders of the DNA region to be 
amplified are synthesized, the polymerase chain reaction is then 
carried out using the two primers. See PCR Protocols: A Guide 
to Methods and Applications (Innis et al , eds . ) , Academic Press, 
San Diego (1990) . Primers can be selected to amplify the entire 
regions containing a desired promoter. PCR can also be used to 
amplify smaller DNA segments of these regions as desired. 

PCR and related amplification techniques can be used in a 
number of ways to isolate DNA molecules that contain CsVMV 
promoters. For example, PCR can be used in a variety of 
protocols to isolate nucleic acids containing CsVMV promoters. 
In these protocols, appropriate primers and probes for 
amplifying DNA containing CsVMV promoters are generated from 
analysis of the DNA sequences listed herein. 

Oligonucleotides for use in the disclosed procedures can be 
chemically synthesized according to the solid phase 
phosphoramidite triester method described by Beaucage et al, 
Tetrahedron Lett . . 22 (2 0 ) : 1859 - 1862 , 1981, using an automated 
synthesizer, as described in Needham-VanDevanter et al , Nvcl t 
Acids Res. . 12:6159-6168, 1984. Purification of 
oligonucleotides is by either native acrylamide gel 
electrophoresis or by anion -exchange HPLC as described by 
Pearson et al , rr . Chrom . . 255:137-149, 1983. The sequence of 
the synthetic oligonucleotide can be verified using the chemical 
degradation method of Maxam et al, Methi Enzymgl , , 65:499-560, 
1980 . 
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Different forms of a CsVMV promoter can be produced that 
have different properties as shown herein. A CsVMV promoter can 
be constructed in a variety of ways known to those of skill in 
the art. For example, promoters can be constructed by mapping 
restriction enzyme sites in the CsVMV promoter and then using 
the constructed map to determine appropriate restriction enzyme 
cleavage to excise a subset of the sequence. The shorter 
restriction fragment can then be inserted into a suitable 
vector. The construction of a specific promoter which controls 
expression of operably linked heterologous DNA sequences is 
shown herein. Other forms of promoter can also be prepared in a 
similar fashion. 

Derivative forms of a promoter can be shown to express 
operably linked heterologous DNA sequences. This can be done by 
first preparing a vector that has an alternative form of the 
promoter operably linked to a reporter gene. Plant cells are 
then transformed with the vector and transgenic plants are 
produced from the transformed plant cells. Expression of the 
gene under the control of the promoter is then determined. See 
the Examples herein for a demonstration of the expression of a 
heterologous DNA sequence by an alternative form of a CsVMV 
promoter . 

Alternatively, a nucleic acid molecule comprising a 
promoter of this invention can be synthesized by a variety of 
methods based on the sequence of a promoter described herein. 
Synthesis can be accomplished by chemical synthetic methods for 
the production of oligonucleotides as is described herein. In 
addition, a nucleic acid molecule can be prepared by the 
synthesis of a series of oligonucleotides which correspond in 
sequence with different portions of the promoter, and which can 
be combined by ligation to form larger nucleic acid molecules. 
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C. Vectors for Exp ressing Heterologous Proteins 

The different forms of a CsVMV promoter described herein 
can be used in expression cassettes, vectors and other DNA 
constructs . 

A vector of this invention is a nucleic acid molecule that 
comprises a promoter nucleotide sequence according to the 
present invention that is operatively linked to a heterologous 
nucleic acid sequence. Typically, the vector is capable of 
expressing the operatively linked promoter and heterologous 
nucleic acid sequences as a chimeric gene. Vectors suitable for 
use in expressing chimeric genes are generally well known, and 
need not be limited. 

A chimeric gene for use in a vector herein is a fusion 
between a promoter nucleotide sequence of this invention 
operatively linked to a heterologous nucleic acid sequence. Any 
of a variety of heterologous nucleic acid sequences can be used 
in a chimeric gene capable of altering a plant phenotype and can 
include plant, animal or other organismal proteins or nucleic 
acids. Exemplary proteins include agriculturally useful 
proteins for increasing plant production, disease resistance, 
capabilities to utilize modified nutrients, and the like 
proteins . 

For example, the CsVMV promoter can be used operably linked 
to, e.g., genes for herbicide resistance; genes for fungal 
disease resistance (e.g., chitinases and glucanases) ; genes for 
bacterial disease resistance (eg., cecropins) ; and genes for 
insect resistance (e.g., B. thuringiensis toxin). Additional 
examples include viral coat proteins such as the coat protein of 
CsVMV or the replicase of african cassava mosaic virus. 

The CsVMV promoter can also be used operably linked to, 
e.g., genes for ripening or degradation (e.g., Acc oxidase, Acc 
synthase, polygalacturonase, phytoene synthase) ; genes for 
color; genes for sweetness, and the like genes. 
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Expression cassettes containing a CsVMV promoter can be 
constructed in a variety of ways. These techniques are known to 
those of skill in the art and are described generally in 
Sambrook, et al . , supra. For instance, various procedures, such 
as site directed mutagenesis can be used to introduce a 
restriction site at the start codon of a heterologous gene 
fragment. Heterologous DNA sequences are then linked to the 
CsVMV promoter such that the expression of the heterologous 
sequences is regulated by the promoter. DNA constructs composed 
of a CsVMV promoter operably linked to heterologous DNA 
sequences can then be inserted into a variety of vectors. Such 
vectors include expression vectors that are useful in the 
transformation of plant Cells. Many other such vectors useful 
in the transformation of plant cells can be constructed by the 
use of recombinant DNA techniques well known to those of skill 
in the art . 

Exemplary vectors for expression in protoplasts or plant 
tissues include pUC 18/19 or pUC 118/119 (GIBCO BRL, Inc., MD) ; 
pBluescript SK (+/-) and pBluescript KS ( + /-) (Stratagene, La 
Jolla, CA) ; pT7Blue T-vector (NOVAGEN, Inc., WI) ; pGEM-3Z/4Z 
(PROMEGA Inc., Madison, WI), and the like vectors, such as is 
described herein. 

Exemplary vectors for expression using Agrobacterium 
tumefaciens -mediated plant transformation include pBin 19 
(Clontech Inc.), Frisch et al, Plant M<?1 * &XqI , , 27:405-409, 
1995; p GAMBIA 1200 and pCAMBIA 1201 (Center for the Application 
of Molecular Biology to International Agriculture, Canberra, 
Australia); pGA482, An et al , EMBO J . , 4:277-284, 1985; 
pCGN1547, (Calgene Inc.) McBride et al, Plant WQl . Biol t , 
14:269-276, 1990, and the like, vectors , such as is described 
herein . 

Techniques for nucleic acid manipulation of genes such as 
subcloning a subject promoter or heterologous* nucleic acid 
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sequences into expression vectors, labeling probes, DNA 
hybridization, and the like are described generally in Sambrook, 
et al., Molecular Cloning-A Laboratory Manual (2nd Ed.), Vol. 1- 
3, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. , 
1989, which is incorporated herein by reference. This manual is 
referred to herein as "Sambrook, et al . " . 

D. Transgen ic Plants 

The invention also contemplates a transgenic plant 
comprising a promoter of the present invention in a chimeric 
gene construct as described herein. The plant has an altered 
phenotype due to the expression of the heterologous nucleic acid 
sequence which is expressed under the control of the subject 
promoter. The transgenic plant therefore contains an expression 
cassette as defined herein as a part of the plant, the cassette 
having been introduced by transformation of a plant with a 
vector of this invention. 

Because the promoters of the present invention can function 
is a wide variety of plants, including monocots and dicots, a 
transgenic plant can be any type of plant which contains a 
subject promoter and which can express the heterologous nucleic 
acid sequence in a chimeric gene containing the promoter. 
Exemplary plant species and genuses are described further 
herein. 

Techniques for transforming a wide variety of plant species 
are well known and described in the technical and scientific 
literature. See, for example, Weising et al, Ann, Rev, Geget., 
22:421-477, 1988. As described herein, a constitutive or 
inducible CsVMV promoter is operably linked to the desired 
heterologous DNA sequence in a. suitable vector. The vector 
comprising a CsVMV promoter fused to heterologous DNA will 
typically contain a marker gene which confers a selectable 
phenotype on plant cells. For example, the marker may encode 
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biocide resistance, particularly antibiotic resistance, such as 
resistance to kanamycin, G418, bleomycin, hygromycin, or 
herbicide resistance, such as resistance to chlorsulf uron or 
Basta. Such selective marker genes are useful in protocols for 
the production of transgenic plants. 

DNA constructs containing a CsVMV promoter linked to 
heterologous DNA can be introduced into the genome of the 
desired plant host by a variety of conventional techniques. For 
example, the DNA construct may be introduced directly into the 
DNA of the plant cell using techniques such as electroporation 
and microinjection of plant cell protoplasts. Alternatively, 
the DNA constructs can be introduced directly to plant tissue 
using biolistic methods, such as DNA micro-particle bombardment . 
In addition, the DNA constructs may be combined with suitable T- 
DNA flanking regions and introduced into a conventional 
Agrobacterium tumefaciens host vector. The virulence functions 
of the Agrobacterium tumefaciens host will direct the insertion 
of the construct and adjacent marker into the plant cell DNA 
when the cell is infected by the bacteria. 

Microinjection techniques are known in the art and well 
described in the scientific and patent literature. The 
introduction of DNA constructs using polyethylene glycol 
precipitation is described in Paszkowski et al, EMBQ J t # 3:2717- 
2722, 1984. Electroporation techniques are described in Fromm 
et al, Proc. Nat l- Anad. Sci . USA. 82:5824, 1985. Biolistic 
transformation techniques are described in Klein et al, Nature 
327:70-73, 1987. The full disclosures of all references cited 
are incorporated herein by reference. 

A variation involves high velocity biolistic penetration by 
small particles with the nucleic acid either within the matrix 
of small beads or particles, or on the surface (Klein et al , 
Nature . 327:70-73, 1987). Although typically only a single 
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introduction of a new nucleic acid segment is required, this 
method particularly provides for multiple introductions. 

Agrobacterium tumefaciens -meditated transformation 
techniques are well described in the scientific literature. 
5 See, for example Horsch et al , Science . 233:496-498, 1984, and 
Fraley et al, Proc . Natl. Acad. Sci. USA , 90:4803, 1983. See 
the Examples herein for a demonstration of the transformation of 
plant cells with a vector comprising a CsVMV promoter by 
Agrobacterium tumefaciens. 
10 More specifically, a plant cell, an explant, a meristem or 

a seed is infected with Agrobacterium tumefaciens transformed 
3 with the segment. Under appropriate conditions known in the 

art, the transformed plant cells are grown to form shoots, 
HJ roots, and develop further into plants. The nucleic acid 

yd 15 segments can be introduced into appropriate plant cells, for 
f example, by means of the Ti plasmid of Agrobacterium 

H tumefaciens. The Ti plasmid is transmitted to plant cells upon 

fy infection by Agrobacterium tumefaciens, and is stably integrated 

□ into the plant genome (Horsch et al, Science . 233:496-498, 1984; 

C 20 Fraley et al , Proc. Nat 'l. Acad. Sci. U.S.A., 80:4803, 1983. 
Ti plasmids contain two regions essential for the 
production of transformed cells. One of these, named transfer 
DNA (T DNA) , induces tumor formation. The other, termed 
virulent region, is essential for the introduction of the T DNA 
25 into plants. The transfer DNA region, which transfers to the 
plant genome, can be increased in size by the insertion of the 
foreign nucleic acid sequence without its transferring ability 
being affected. By removing the tumor-causing genes so that 
they no longer interfere, the modified Ti plasmid can then be 
30 used as a vector for the transfer of the gene constructs of the 
invention into an appropriate plant cell, such being a "disabled 
Ti vector" . 
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All plant cells which can be transformed by Agrobacterium 
and whole plants regenerated from the transformed cells can also 
be transformed according to the invention so as to produce 
transformed whole plants which contain the transferred foreign 
nucleic acid sequence. 

There are various ways to transform plant cells with 
Agrobacterium, including: 

(1) co-cultivation of Agrobacterium with cultured isolated 
protoplasts , 

(2) co-cultivation of cells or tissues with Agrobacterium, 

or 

(3) transformation of seeds, apices or meristems with 
Agrobacterium . 

Method (1) requires an established culture system that 
allows culturing protoplasts and plant regeneration from 
cultured protoplasts. 

Method (2) requires (a) that the plant cells or tissues can 
be transformed by Agrobacterium and (b) that the transformed 
cells or tissues can be induced to regenerate into whole plants. 

Method (3) requires micropropagation. 

In the binary system, to have infection, two plasmids are 
needed: a T-DNA containing plasmid and a vir plasmid. Any one 
of a number of T-DNA containing plasmids can be used, the only 
requirement is that one be able to select independently for each 
of the two plasmids . 

After transformation of the plant cell or plant, those 
plant cells or plants transformed by the Ti plasmid so that the 
desired DNA segment is integrated can be selected by an 
appropriate phenotypic marker. These phenotypic markers 
include, but are not limited to, antibiotic resistance, 
herbicide resistance or visual observation. Other phenotypic 
markers are known in the art and may be used in this invention. 



,16 



i* 



p* 



M0 e 



911 



a*° 



CO 1 



A> 



.tv<3 



9?' 



e6 



cf£ e v 0 ^ 



a<3* 



do? 



MV3 



\>9 I 



A v 



.ca<3' 



o*° 

G®* 



c* v 



.6' 



a* V 



CBS 1 



0©' 



cY 



CO* 1 ' 



CO' 



SO 



j*v*' 



C& 1 



?v3* 



3> 



©• 



#0 



^1 



.0' 



.co' 



0' 



act©' 



3.* 



JV? 



£0 



¥ a* 



.c* 



C* 



pat 1 

?a ! 



•ma 8 " 



3> 



a. 



cv 



pi* 1 



S» 
Itv" 



.OS' 



p* v " 



SO 



r£<3 



Ge 



$u? 



el 35 



.6' 



M.6 I 



.6* 



1^ 



■po? 1 



cm 



*o 



co' 



.da 



^G° B 



9?- 



9?" 



A3-* 



C3^° 
99^ 
9?' 



&9 ■ 



206' 



.eft* 



(CP* 



co 9 



cV 



9?- 



0?- 



alC a 



.v> 



0O' 



9?- 



as 



9?" 

9?" 



CO' 



a^° 



ce 



^0^ 



9?- 



9?- 



o* 1 



s?- 



C a 



9?' 



»? 9 



as 



^ 9 * 



e?- 



ta' 



9?" 



39 ■ 



09 



a^ a 



AO* 



9? 1 



9?- 



a* 0 



a?' 



.<v 



co^-' 



c^ 1 



c^ et: ' 



M9 



0?' 



a* 0 



0?- 



9?- 



9*' 



c° 



a* 0 



a© 



0 e* 



0?- 



cv 



>9 0l-' 



c» 



9?* 



c© 



9?- 



a* 



9? 



(,9?' 



9?" 



o* 



^ ^0? ; 



.cv* 



0?- 



ca 



^a 1 



9?- 



C^°' 



>^ 6 



>^ 9 



0?- 



3 0 



6* 



^ca? 



9 V 



8*^ 



CO.* 



to 



to 



c o?' 



co* 



es 1 



c* 



a* 0 



.a*' 



c*°^ S 



0^' 



0*' 



.a?' 



Af 



o* 



0?- 



,o* v 



t* 



0?- 



to* 



it »9 e 



0?" 



AS 



AV 



a* 0 



ca 1 



0^ 



as 



I.CO' 



>e^ a 



0?' 



9?' 



a* 0 



9?" 



- WO 97/48819 



-30- 



PCT/US97/10376 



herb crops such as mint (Mentha sp.), thyme (Thymus sp.) 
marjoram (Origanum sp.), okra, coffee, potato, tubers, taro . 

E. Methods for Expr essing Heterologous Nucleic Acids in Plants 

DNA constructs, chimeric genes and expression cassettes 
containing CsVMV promoters of this invention can be used to 
transform plant cells and produce transgenic plants with desired 
phenotypic characteristics. There are a variety of different 
approaches one can use to produce a desired phenotype in 
transgenic plants. For example, by using methods described 
herein, one can operatively link a novel gene to a CsVMV 
promoter and transform plant cells. Transgenic plants can be 
produced from the transformed plant cells so that the novel gene 
product is produced in all tissues or in only certain tissues of 
a transgenic plant. In this context, the term "novel gene" 
refers to a gene that is not normally present in a plant or 
which, if present, is not normally expressed in a particular 
plant cell tissue. The expression of the novel gene can result 
in the production of a protein that confers an altered phenotype 
for a transgenic plant. 

Thus, the invention contemplates a method for expressing a 
heterologous nucleic acid sequence in a plant cell comprising: 

a) transforming the plant cell with a vector 
comprising a promoter nucleotide sequence according to the 
present invention that is operatively linked to the heterologous 
nucleic acid sequence; and 

b) growing the plant cell under conditions where the 
heterologous nucleic acid sequence is expressed in the plant 
cell. 

Methods for transforming a plant cell can vary widely and 
need not be so limited. Exemplary transformation methods are 
described herein. 
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The method for expression can include objectives such as to 
provide a heterologous protein that confers a desirable 
phenotype upon expression and transcription of the heterologous 
nucleic acid sequence, to provide an expressed nucleic acid 
5 which can function as an anti-sense molecule, to provide an 
expressed nucleic acid which can regulate gene expression or 
processing of nucleic acids, and the like objectives within a 
transgenic plant . 

DNA constructs containing a CsVMV promoter operably linked 

10 to a heterologous DNA sequence can therefore be used in a number 
of techniques to suppress expression of endogenous plant genes, 
e.g., sense or antisense suppression. In antisense technology, 
a nucleic acid segment from the desired plant gene is cloned and 
operably linked to a CsVMV promoter such that the ant i- sense 

15 strand of RNA will be synthesized. The construct is then 
transformed into plants and the antisense strand of RNA is 
produced. In plant cells, it has been shown that anti- sense RNA 
inhibits gene expression; see, e.g., Sheehy et al, FXQQ , Nat r 
Acad. Sci. USA . 85:8805-880 9, 1988, and Hiatt et al . , U.S. Pat. 

20 No. 4,8 01,34 0 which are incorporated herein by reference. 

The nucleic acid segment to be introduced in antisense 
suppression generally will be substantially identical to at 
least a portion of the endogenous gene or genes, function or 
functions, to be repressed, but need not be identical. The 

25 vectors of the present invention can be designed such that the 
inhibitory effect applies to other proteins within a family of 
genes exhibiting homology or substantial homology to the target 
gene. Segments from a gene can be used (1) directly to inhibit 
expression of homologous genes in different plant species, or 

3 0 (2) as a means to obtain the corresponding sequences, which can 
be used to suppress the gene . 

The introduced sequence also need not be full length 
relative to either the primary transcription product or fully 
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processed mRNA. Generally, higher homology can be used to 
compensate for the use of a shorter sequence. Furthermore, the 
introduced sequence need not have the same intron or exon 
pattern, and homology of non-coding segments will be equally 
effective. Normally, a sequence of between about 30 or 40 
nucleotides and about 2,000 nucleotides should be used, though a 
sequence of at least about 100 nucleotides is preferred, a 
sequence of at least about 200 nucleotides is more preferred, 
and a sequence of at least about 500 nucleotides is especially 
preferred. 

Catalytic RNA molecules or ribozymes also have been 
reported to have use as a means to inhibit expression of 
endogenous plant genes. It is possible to design ribozymes that 
specifically pair with virtually any target RNA and cleave the 
phosphodiester backbone at a specific location, thereby 
functionally inactivating the target RNA. In carrying out this 
cleavage, the ribozyme is not itself altered, and is thus 
capable of recycling and cleaving other molecules, making it a 
true enzyme. The inclusion of ribozyme sequences within 
antisense RNAs confers RNA-cleaving activity upon then, thereby 
increasing the activity of the constructs. 

A number of cases of ribozymes have been identified. One 
class of ribozyme is derived from a number of small circular 
RNAs which are capable of self -cleavage and replication in 
plants. The RNAs replicate either alone (viroid RNAS) or with a 
helper virus (satellite RNAS) . Examples include RNAs from 
avocado sunblotch viroid and the satellite RNAs from tobacco 
ringspot virus, lucerne transient streak virus, velvet tobacco 
mottle virus, solanum nodiflorum mottle virus and subterranean 
clover mottle virus. The design and use of target RNA-specific 
ribozymes is described in Haseloff et al, Nature , 334:585-591, 
1988 . 
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A preferred method of suppression is sense suppression. 
Introduction of a nucleic acid configured in the sense 
orientation has been shown to be an effective means by which to 
block the transcription of target genes. For examples of the 
5 use of this method to modulate expression of endogenous genes 
see, Napoli et al, The Plant Cell. 2:279-289, 1990, and U.S. 
Pat. No. 5,034,323. Sense suppression is a preferred method for 
ripening control (e.g., Acc oxidase or Acc synthase), sweetness 
control (e.g., ADPG pyrophosphorylase) , or color modification 
10 (e.g., chalcone synthase); see U.S. Pat. No. 5,034,323. 

Generally, in sense suppression, transcription of the 

O 

,n introduced sequence occurs. The effect may also occur where the 

1^ introduced sequence contains no coding sequence per se, but only 

fy intron or untranslated sequences homologous to sequences present 

CO 

yj 15 in the primary transcript of the endogenous sequence. The 



introduced sequence generally will be substantially identical to 
the endogenous sequence intended to be repressed. This minimal 
identity will typically be greater than about 65%, but a higher 
identity is useful to exert a more effective repression of 

20 expression of the endogenous sequences. Substantially greater 
identity of more than about 80% is preferred, although about 95% 
to absolute identity would be most preferred. The effect may be 
applied to other proteins within a similar family of genes 
exhibiting homology or substantial homology. Segments from a 

25 gene can be used (1) directly to inhibit expression of 

homologous genes in different plant species, or (2) as a means 
to obtain the corresponding sequences, which can be used to 
suppress the gene . 

In sense suppression, the introduced sequence, needing less 

30 than absolute identity, also need not be full length, relative 
to either the primary transcription product or fully processed 
mRNA. A higher identity in a shorter than full length sequence 
compensates for a longer, less identical sequence. Furthermore, 
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the introduced sequence need not have the same intron or exon 
pattern, and identity of non-coding segments may be equally 
effective. A sequence of a size of at least 50 base pairs is 
preferred, with greater length sequences being more preferred; 
see U.S. Pat. No. 5,034,323. 

The expression of the heterologous DNA sequences linked to 
a CsVMV promoter can be detected in a variety of ways, depending 
on the nature of heterologous sequences. For example, one may 
assay for the desired phenotype. The desired phenotype which 
results from the successful expression of heterologous DNA 
sequences under control of a CsVMV promoter may be determined by 
a variety of ways, depending on the phenotypic trait that is 
introduced. For instance, resistance to a herbicide can be 
detected by treatment with the herbicide. 

Expression of the heterologous DNA can also be detected by 
measurement of the specific RNA transcription product. This can 
be done by, for example, RNAse protection or Northern blot 
procedures. If heterologous DNA sequences encode a novel 
protein, the protein product may be assayed, for instance, by 
its function or by a variety of immunoassay techniques. For 
example, a novel protein product with enzymatic activity can be 
measured in an enzyme assay. 

EXAMPLES 

The following examples are provided by way of illustration 
and not limitation. 

1. T.gnlation of a Cassava Vft in Mosaj r Virus (CsVMV) Promoter 

Molecular techniques were carried out essentially as 
described by Sambrook et al, Molecule ClorUng; h Laboratory 
Manual , Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY, 1989. 

Nucleotide numbers refer to the cassava vein mosaic virus 
genome nucleotide sequence reported by Calvert et al, J Gen 
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Virol , 76:1271-1276, 1995', and as published with GeneBank 
Accession Nos . U59751 and U20341. GeneBank is a nucleotide 
sequence database provided by National Medical Library at the 
National Center for Biotechnology Information at the National 
Institutes of Health, Bethesda, MD. The original CsVMV full 
length genomic clone was provided by Dr. R. Shepherd (University 
of Kentucky) . The clone was constructed by ligating the full 
length CsVMV viral genomic DNA cut at a unique Bglll site in the 
Bglll site of the plasmid pCKIZ, Anza, O., Replication and 
ma pping of naulim oviruses. PhD thesis, University of California, 
David, USA, 1982. Six overlapping fragments were isolated using 
convenient restriction sites and each fragment was cloned in 
plasmid pUC119. Automatic sequencing, using an Applied 
Biosystems model 373A sequencing apparatus, was carried out by 
Taq-mediated elongation using dye-labeled primers. When 
necessary, PCR reactions were performed and direct sequencing of 
the PCR product was carried out . Sequence data was compiled 
using the SeqEd software provided by the manufacturer of the 
automated sequencer. 

Restriction fragments derived directly from the genomic 
clone were cloned into pUC119 plasmid. Using these subclones, 
two viral DNA fragments containing a consensus TATA box motif 
were isolated (Figure 1) . A fragment designated CVP1 
encompassed CsVMV nucleotides 7235 to 7623 and was obtained by 
Alul enzymatic digestion. A larger fragment containing CsVMV 
nucleotides 7160 to 7675 and designated CVP2 , was isolated by 
PCR amplification. The two oligonucleotides used in the PCR 
reaction were : primer 1 , 5 1 ACCGGTACCAGAAGGTAATTATCCAAGATGT3 1 
(SEQ ID NO 18) (CsVMV sequence from nucleotide 7160 to 7183 with 
the addition of a Kpnl restriction site at the 5 1 end) and 
primer 2, 5 1 CGGAATTCAAACTTACAAATTTCTCTGAAG3 1 (SEQ ID NO 19) 
(CsVMV sequence complementary to nucleotides 7652 to 7675 with 
the addition of an EcoRI restriction site at the 5' end). The 
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amplification reaction contained 25 pmol of each primer, 200 /zM 
each dNTP, 100 ng of plasmid DNA containing the sequence to be 
amplified, 2.5 U Pfu polymerase and the appropriate buffer 
(Stratagene) . Initial denaturation was performed at 94 °C for 5 
5 min then the reaction mixture was denatured at 94 °C for 1 min, 
annealed at 60°C for 1 min and elongated at 72 °C for 1 min for 
each of 15 cycles. Final extension was carried out for 5 min at 
72 °C. Sequence accuracy of the amplification product was 
subsequently confirmed by dideoxynucleotide chain-termination 
10 sequencing (Sequenase-USB) . 

The chimeric plasmids pILTAB : CVP1 and pILTAB:CVP2 (Figure 
Jp; 1) were used to study promoter activity and were prepared as 
\b* described below. CVP1 and CVP2 promoters fragments were 
RJ respectively ligated into Smal and EcoRI/Kpnl sites of pGNlOO, a 
hj 15 pUC 119 derived plasmid containing the uidA coding sequence 
m linked to the 3 1 polyadenylation signal of the nopaline synthase 

p gene (nos 3') as illustrated in Figure 1. 

ry The cassettes containing the CsVMV promoter : uidA fusion 

P« genes were excised by KpnI/Hindlll digestion from pILTAB:CVPl 

O 20 and pILTAB:CVP2 and subcloned at KpnI/Hindlll sites in the 

pBIN19 binary vector (Clontech) used for Agrobacterium-mediated 
plant transformation. The plasmid pe35GN contains the enhanced 
35S promoter, Kay et al . Science. 236:1299-1302, 1987, and the 
uidA coding sequence linked to the nos 3* end. The plasmid 
25 pD0432 contains the luciferase coding sequence from Photinus 
pyralis under the control of the 3 5S promoter, Ow et al, 
Science , 234:856-859, 1986. Plasmids pILTAB : CVP1 , pILTAB:CVPl 
and pe35GN used in transient assay experiments are each 
approximately 5.5 kb in size. 

30 

2 . Transcription Sta rt Site for CsVMV Promoter 

The transcription start site of the CsVMV promoter was 
determined by primer extension analysis using total RNA 
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recovered from transgenic' tobacco plants which harbor the CVP1 : 
uidA fusion gene prepared as described in Example 4 . 

Total RNA was extracted from young leaves of transgenic 
tobacco plants as described by Prescott and Martin, Plant Mol 
5 Biol Reporter . 4:219-224, 1987, with minor modifications. Primer 
extension was performed with a 34 bp long oligonucleotide with 
the sequence 5 1 -CGCGATCCAGACTGAATGCCCACAGGCCGTCGAG-3 ' (SEQ ID NO 
20) which is complementary to a region 34 nucleotides downstream 
of the ATG start codon in the uidA gene. The oligonucleotide 
10 (20 pmol) was 5' end labeled using 6 U of T4 polynucleotide 
_ kinase (USB) and 7 fiCi of [y-32P]ATP (3000 /xCi /mmol, 10 
yd fiCx/fil) . After the labeling reaction the primer was purified 
#*3 using Nuctrap Push columns (Stratagene) . One-tenth pmol of the 
2 labeled primer was mixed with 50 /zg of total RNA from transgenic 
Wl5 plants. The experiment was performed according to Sambrook et 
r al, Molecular olonin a: A laboratory manual. Cold Spring Harbor 

h; Laboratory Press, Cold Spring Harbor, NY, 1989, except that 

pJ annealing was carried out at 3 0°C or 4 0°C for 12 hours, and the 

Q extension reaction was allowed to proceed for 1 hour at 42°C 

^20 with 20 U of AMV reverse transcriptase (Gibco-BRL) . The 

extension products were separated on a 7.5% polyacrylamide gel 
containing 7M urea. Sequence reactions (Sequenase-USB) 
performed with the same labeled primer were subjected to 
electrophoresis in adjacent lanes on the same gel. 
25 a single major extension product was detected and mapped to 

an adenine residue (nt . 7604) located 35 nucleotides downstream 
of the putative TATA box (Figure 2) . By comparison with the 
location of the start of transcription reported for other plant 
pararetrovirus promoters (Guilley et al , gelJL , 30:763-773, 1982; 
30 Hay et al, Acids Res . 19:2615-2621, 1991; Medberry et al , 

Nnrl Acids Res , 18:5505-5513, 1990; and Sanfa on, H. , Virology , 
198:39-49, 1994) the transcription start site reported here at 
nt. 76 04 represents the 5' end of the CsVMV transcript. By 
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comparing sequence of the* CsVMV promoter from the TATA box to 
the start of transcription with those of caulimovirus promoters . 
FMV 34S and CaMV 3 5S (Gardner et al, Nucl Acids Res. 
9:2871-2887, 1981. 17; and Richins et al , Nucl Acidff Res 
15:8451-8466, 1987) we concluded that these three promoters are, 
in this region, closely related to each other. In contrast 
there is less homology with the promoters from badnaviruses 
(ComYMV and RTBV) . 

The nucleotide sequence of the promoter region of a CsVMV 
genome is presented in Figure 3 and was confirmed by the results 
reported by Calvert et al, CT Gen Virol , 76:1271-1276, 1995. The 
numbering system shown in Figure 3 is based on the transcription 
start site where +1 corresponds to the transcription start site 
reported herein as nt . 7604 using the genomic sequence numbers. 
Thus, CVP1 comprises 387 nucleotides from position -368 to +20 
and CVP2 comprises a fragment of 514 nucleotides from position 
-443 to +72 (Figure 3) . 

A comparison of the CsVMV promoter sequence with 
pararetrovirus promoter sequences, namely the 35S CaMV, Gardner 
et al, Acids Res . 9:2871-2887, 1981, the 34S FMV, Richins 

et al, ttrn^l ArHds Res 15:8451-8466, 1987, RTBV, Qu et al , 
Virology , 185:354-364, 1991, and ComYMV, Medberry et al , Nii^X 
Acids Res . 18:5505-5513, 1990, promoters revealed the presence 
of a conserved TATA box as mentioned previously, and a 17 
nucleotides motif AGACGTAAGCACTGACG (position -203 to -219) (SEQ 
ID NO 21) that has strong homology with the transcriptional 
enhancer asl found in the 35S CaMV, FMV and ComYMV promoters. A 
22 nucleotides sequence CTTATCACAAAGGAATCTTATC (position -90 to 
-111) (SEQ ID NO 22) was also identified that is present in the 
ComYMV promoter but not in RTBV or caulimovirus promoters. This 
limited homology indicated that we had isolated a distinct plant 
pararetrovirus promoter . 
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In addition, recent developments in the field of virus 
taxonomy have recognized the differences between the cauliflower 
mosaic virus (CaMV) and the cassava vein mosaic virus (CsVMV) to 
the extent that a new genus has been adopted for CsVMV. 
5 Specifically, the International Committee on Taxonomy of Viruses 
(ICTV) has met in May, 1997, and adopted a change in viral 
nomenclature such that CsVMV is in the genus u cassemovirus" and 
CaMV is in the genus caulimovirus . 

The basis for the change is summarized in Figure 4 which 
10 illustrates a comparison of the genomic organization of a 

variety of related viruses. In particular, it is noted that the 
order of two of the major proteins (coat protein and movement 
O protein) is reversed on the genome relative to CaMV, and that 

these two proteins are encoded for by a single ORF that is 

yy 

W 15 processed as a polyprotein whereas on CaMV these two proteins 
s are encoded by two separate ORFs designated ORF1 and ORF4, and 

the actual nucleotide sequence of many of the ORFs are 
fW substantially different from CaMV. 

£3 The viral sequences were analyzed using programs from the 

20 DNASTAR package for Macintosh (DNASTAR Inc., Madison, WI). The 
published sequences were obtained from GeneBank using the 
following publication numbers (in parenthesis) for each viral 
strain: CaMV Strasbourg strain (J02048) , CERV (X04658) , FMV 
(X06166) , SVBV (X97304), PCSV (U13988) , SbCMV (X15828), RTBV 
25 (M65026), ComYMV (X52938), CSSV (L14546), ScBV (M89923). 

Regarding degrees of homology between CaMV and CsVMV, it is 
noted that there is about 23% homology between the promoter 
sequences, whereas the CaMV and FMV promoters show about 47% 
homology. Similarly, by alignment of the region between the 
. 3 0 start of ORF1 to the end of ORF5, there is a 3 5% homology 

between CsVMV and CaMV as compared to a 56% homology between 
CaMV and FMV. 
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3 . Protoplast Isolation; Transformation and Culture 

Tobacco protoplasts were isolated from BY-2 (Nicotiana 
tabacum L, cv. Bright Yellow) cell suspension cultures and 
transfected with DNA essentially as described by Kikkawa et al, 
■T. Gen. Virol. . 63:457-467, 1982. 

Cassava protoplasts were prepared from Manihot esculenta L . 
cv TMS60444 embryogenic cell suspension cultures, Taylor et al, 
Proceedings of the Second International Scientific Meeting of 
the Cassava Bio technology Network - CBN II. Bogor, Indonesia, pp 
229-240, 1995. Fifty ml of a 10 day old culture (the medium was 
renewed every 2 days) was collected for protoplast isolation. 
Prior to enzymatic digestion, the cells were resuspended in 3 0 
ml of medium containing 0.55 M mannitol, 3.2 g/1 Schenk and 
Hilderbrandt salts (Sigma) , lx Murashige and Skoog vitamins 
(Sigma) , 20 mM CaC12, pH 5.8 [medium A] . The cells were allowed 
to settle and medium A was replaced by enzymatic solution 
consisting of medium A supplemented by 2% cellulase Onozuka RS 
and 0.1% Pectolyase Y 23. Digestion was performed in the dark 
for 3 . 5 h at 27°C. Cells were gently agitated during the first 
hour of treatment . The incubation mixture was filtered 
sequentially through sieves of 10 0 fixn and 7 0 /xm. Protoplasts 
were washed 3 x by centrif ugation at 100 x g for 10 min in 
medium A. The number of protoplasts was estimated using an 
hemocytometer . 

The purified protoplasts were resuspended to final density 
of 10 6 cells m/1 in electroporation buffer containing 5 mM Mes, 
130 mM NaCl, 10 mM CaCl2, 0.45 M mannitol, pH 5.8. Two hundred 
/xl of electroporation buffer containing 30 /xg of each plasmid 
prepared herein was added to 800 /a1 of protoplast suspension in 
a 0.4 cm path- length cuvette. DNA uptake was carried out using 
a Gene Pulser instrument (Biorad) delivering a 3 00 V pulse at a 
capacitance of 500 /iF. After electroporation the protoplasts 
were incubated in ice for 3 0 min, after which they were 
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resuspended at a density of 10 s cells/ml in culture medium A 
supplemented with 2% sucrose and 5xl0" 5 M Pichloran. After 24 
hours of incubation in the dark at 27 °C, the protoplasts were 
collected by centrif ugation (10 min at 100 x g) and resuspended 
in GUS extraction buffer, Jefferson et al , EMBO J, 6:3901-3907, 

1987, pH 7.7. 

4. Plant Tra nsformation with Aarobacterium . 

Gene constructs present in pBIN19 plasmids and prepared as 
described in the Examples were introduced into Agrobacterium 
tumefaciens strain LBA44 04 by electroporation, Singh et al, 
Focus , 15:84-87, 1993. The modified Agrobacterium were used to 
infect Nicotiana tabacum cv Xanthi NN leaf discs, according to 
the procedure described by Horsch et al , Plant Molecular Biology 
Manual , pp. A5/1- A5/9. Kluwer academic publishers, Dordrecht, 

1988. Regenerated kanamycin resistant plants were transferred 
to soil and grown in greenhouse. Seven independent transgenic 
lines containing the CVP1 construct and eight containing the 
CVP2 construct were produced. Greenhouse grown plants were 
allowed to self -fertilize and Rl seeds were collected. The Rl 
seeds were germinated on Murashige and Skoog (MS) medium, 
Murashige et al, Physiol Plant. 15:473-497, 1962, containing 
kanamycin and the seedlings were grown in greenhouse. 

5. Plant Tra nsformation Using Particle Bombardment 

Leaves and stems were cut from cassava plantlets (cultivar 
Mcol 1505) grown in vitro on medium containing MS salts and 
vitamins, sucrose 20 g/1, CuS04 2 jiM, Phytagel 3 g/1, pH 5.7. 
The explants were sectioned and the tissue fragments were 
subsequently arranged in the center of 9 cm petri -dishes 
containing solidified culture medium. Micro -bombardment was 
performed with an helium-driven particle delivery system (PDS 
1000/He-BioRad) . Preparation of gold particles (average 
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diameter 1.6 pm) and coating particles with DNA were carried out 
essentially as described by the instruction manual (BioRad) . 
The target plates were placed in the gun chamber at the third 
level from the bottom while the assembly macrocarrier/stopping 
screen was placed at the fifth level. Each plate was shot twice 
at a pressure of 1100 PS1 with approximately 1/xg of plasmid DNA 
prepared as described in the Examples. After bombardment, 
sterile water was added to the plates to prevent desiccation of 
the material. Explants were incubated 2 days in the dark at 25°C 
prior to histochemical GUS assays. 

Seven transgenic rice lines (Oryza sativa L. Taipei 309) 
were obtained via particle bombardment as described by Li et al , 
Plant Cell Reports . 12:250-255, 1993, using pILTAB:CVP2 in 
association with pMON410 (Monsanto Co.); the latter carries the 
gene for resistance to hygromycin. 

6 . Luciferaae and G lucuronidase Assays to Measure CsVMV 
Pr-omoter Activity 

Transfected protoplasts were lysed by vortexing for 2 min 
in GUS extraction buffer, pH 7.7. Extracts were clarified by 
centrifugation (5000 x g, 5 min) at 4°C in a microcentrifuge. 
The supernatant was recovered and used for MUG and LUC assays. 
GUS activity was determined using 

4 -methyl -umbellif eryl-p-D-glucuronide (MUG-Sigma) by the method 
of Jefferson et al, EMBQ J . 6:3901-3907, 1987, and quantified 
for 50 ixl of extract as pmol methylumbellif erone (MU) per hour. 
LUC activity was determined on 50 /xl of the same protein extract 
with a luminometer (Monolight 2010) using a luciferase assay 
(Analytical Luminescence Laboratory, San Diego, CA) . 
Cotransf ection of cells with a uidA gene plus a luciferase 
plasmid allowed us to normalize variations of GUS activity 
between experiments, Leckie et al , Ri oTechnicrues . 17:54-57, 
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1994. The normalized GUS data were expressed as pmoles 
methylumbellif erone (MU) per hour per unit of light emitted. 

Transgenic plant tissue were ground in GUS buffer, pH 8, 
and GUS activity was evaluated as described, Jefferson et al, 
EMBO J , 6:3901-3907, 1987. The enzyme activity (pmol/min) was 
refered to mg protein as determined by the dye -binding method of 
Bradford, M. , Anal . Biochem, 72:248-254, 1976. 

Histochemical analysis of GUS activity was performed 
essentially as described by Jefferson et al, PNBQ J, 
6:3901-3907, 1987. Small fragments of leaf and stem from 
primary transf ormants or Rl progeny were incubated at 3 7°C for 4 
to 8 hours in reaction buffer containing 1 mM 

5-bromo-4-chloro-3-indolyl glucuronide (X-gluc) , 100 mM sodium 
phosphate buffer, pH 7, 2 mM potassium ferrocyanide and 
potassium f erricyanide , and 0.1% Triton X-100. Roots and floral 
organs were incubated in the same medium lacking the cyanide 
salts and including 0.1% mercaptoethanol to reduce tissue 
browning. Hand-cut tissue sections were taken and cleared in 
70% ethanol. Stained sections were visualized in a Zeiss 
microscope . 

7. Ky pression of Exo genous Genes Using CsVMV PrpmQter 
a. Expression in Tobacco and Cassava Protoplasts 

Promoter fragments CVP1 and CVP2 were tested in 
transient assay experiments using tobacco and cassava 
protoplasts obtained from cell suspension cultures. In this 
experiment, we used the plasmids pILTAB:CVPl and pILTAB:CVP2. 
The plasmid pe35GN, containing the uidA sequence under the 
control of the enhanced 35S promoter (e35S) , Kay et al , _3j£i£ii££, 
236:1299-1302, 1987, served as . a positive control. Each plasmid 
was cointroduced into protoplasts with a plasmid containing a 
luciferase gene under the control of the CaMV 35S promoter, Ow 
et al, Science . 234:856-859, 1986. The GUS/LUC ratio was 
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determined after each transf ection experiment. Four independent - 
transfection experiments were carried out and gave similar 
results and are summarized in Figure 5. In tobacco protoplasts 
the GUS/LUC ratio for the CVP1 promoter was 0.58, or about 50% 
of the level of expression determined by the e3 5S promoter 
(1.3 2) . However, when the CVP2 fragment was used, the ratio was 
1.3, or two fold more active than CVP1 . The difference between 
the two fragments indicates that CVP1 lacks one or more 
important element (s) for high level expression. CVP2 and e35S 
promoters yielded similar GUS activity indicating that the CsVMV 
promoter is a strong promoter in tobacco protoplasts. Similar 
studies in cassava protoplasts gave results comparable to those 
in tobacco showing that the CsVMV promoter is also very 
effective in these cells. 

b. F.xp-ressi on in Tobacco and Rice Plants 

Seven transformed tobacco lines containing CVP1 
promoter-uidA gene fusion and eight containing CVP2 promoter 
were obtained as described herein. Presence of the full length 
gene cassette was confirmed by PCR analysis of primary 
transf ormants (plants regenerated from transgenic calli) . 

A detailed histochemical analysis of GUS accumulation was 
carried out using hand-cut fresh tissue sections of various 
organs from primary transf ormants and their Rl progeny. All 
transformed tobacco plants containing either the CVP1 or CVP2 
fragment had essentially the same gene expression pattern while 
intensity of staining varied among transf ormants . In leaves, 
strong GUS activity was observed in phloem tissues in the midrib 
and in the lateral secondary veins (Figures 6A and 6B) . 
Parenchyma cells adjacent to xylem elements also developed a 
blue staining pattern while the parenchyma cells of the midrib 
did not contain detectable GUS activity (Figures 6A and 6B) 
except for the chlorenchyma cells just below the epidermis 
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(Figure 6C) . The cells of the palisade layer and the spongy 
mesophyll in the leaf lamina exhibited a very intense staining 
(Figures 6A and 6C) , while in the epidermis, guard cells and 
trichomes, especially the glandular tip cell, developed an 
intense staining. Non-specialized epidermal cells accumulated 
little or no stain. Cross sections of stems showed strong 
staining of the phloem cells, including internal phloem bundles 
located in the central pith tissue and phloem cells located 
external to the xylem (Figure 6D) . Weaker expression was also 
visible in the xylem parenchyma cells. GUS staining was not 
detectable in pith cells or in cortical parenchyma cells of the 
stem (Figure 6D) . Root tissues incubated with X-Gluc revealed a 
blue stained vascular cylinder (Figure 6E) ; cross-sections were 
not taken due to the fragile nature of the tissue. The root 
tips stained the most intensely of any region in the root 
(Figure 6E) . In the flowers, the basal part of the ovary 
exhibited an intense blue staining. The vascular elements of 
floral tissue displayed a strong staining in the stamen, the 
style and the placenta inside the ovary (Figure 6F) , as well as 
in the sepal and petals. Pollen grain exhibited also a blue 
color. Rl seedlings developed the same general pattern of 
staining as did the RO parental transformant except that GUS 
activity in the mesophyl of cotyledons appear weaker than in 
mature leaves . 

Histochemical analysis to detect GUS activity was performed 
in a similar manner on 7 independently transformed rice lines 
that harbor the CVP2 : uidA gene. The general pattern of the 
CVP2 promoter-uidA gene was quite similar in rice and tobacco, 
despite the differences in anatomy of these plants. Transverse 
sections of leaves incubated with X-Gluc substrate resulted in 
strong staining in the vascular bundles and in the mesophyl 
cells (Figure 6G) . The small phloem parenchyma* cells and the 
xylem parenchyma cells exhibited an intense staining while the 
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metaxylem tracheary elements and the larger sieve elements 
a pp eare d to be free of any blue precipitate. Bundle sheath 
cells, bulliform cells and sclerenchyma fibers also showed no 
staining. Guard cells and leaf hair cells were stained in the 
leaf epidermis. The pattern of GUS activity revealed in 
cross-sections of the leaf sheath tissue (Figure 6H) was similar 
with that observed in leaves. As observed in tobacco plants, 
GUS activity was not detectable in parenchyma cells (Figure 6H) . 
Roots were stained only in the vascular cylinder and in the tip. 
Rice floral tissue had essentially the same pattern of GUS 
activity as the tobacco flowers (Figure 61) . 

GUS activity in extracts prepared from different organs was 
determined quantitatively among tobacco and rice transf ormants 
prepared as described in the Examples and using the 
4-Methylumbelliferyl-p-D-glucuronide (MUG) fluorescence assay, 
Jefferson et al # EMBO J . 6:3901-3907, 1987. The organs tested 
included young leaves, mature leaves, stem and root. The 
results of these assays are shown in Figure 7 and confirm that 
the CsVMV promoter is active in all organs of both rice and 
tobacco. The CsVMV promoter is more active in leaves than in 
other organs while the lowest level of expression was in the 
roots. GUS activity in tobacco plants which harbor the CVP2 
promoter does not appear significantly stronger than in plants 
containing CVP1 promoter. The two fold difference in promoter 
activity between CVP1 and CVP2 measured in protoplasts may not 
be detectable in transgenic plants due to variation of the 
transgene expression, relative variability of the MUG assay and 
great stability of GUS which lead to accumulation of protein in 
plants tissue. 

c. Transien t Expression in Cassava Plant Exolants 

The promoter activity of the CVP2 fragment shown in 
Figure 1 was tested in cassava plants by micro-particle 



WO 97/48819 



-47- 



PCT/US97/10376 



bombardment on stem and leaf explants from material grown in 
vitro . The plasmid pILTAB:CVP2 and plasmid pe35GN (as positive 
control) were used in this study and transformation was 
conducted by bombardment as described in Example 5. Thereafter, 
5 the plantlets were analyzed for tissue expression by the 

histochemical method of Example 6 . Approximately the same 
number of intensely blue-stained foci showing GUS expression 
(Figure 6 J) were found using plasmids containing either 
promoter. Blue- stained cells were found in epidermal cells, 
10 guard cells, mesophyl cells and along the veins of leaflets. 

These experiments provide evidence of promoter activity for CVP2 
Jq fragments in different cell types of cassava. 

ru 
o 

fy 8 . Discussion of Examples 1-7 

h]i5 The Examples describe isolation of a promoter from the 

viral genome of the newly characterized cassava vein mosaic 

Q virus, Calvert et al, J Gen ViTQl, 76:1271-1276, 1995. The 

fij transcription start site of the promoter was determined using 

iLi. 

f*§ RNA isolated from transgenic plants that contain the pCsVMV-uidA 
^20 gene. The results here indicate that the CsVMV promoter is 
relatively strong in tobacco and cassava protoplasts and its 
activity is similar to that obtained with the e35S promoter. Of 
the two promoter fragments tested in protoplasts, the shorter 
fragment CVP1 is approximately two fold less active than the 

2 5 longer CVP2 fragment. However, both fragments result in the 

same pattern of expression in transgenic tobacco and rice 
plants. Differences in the level of expression observed in 
protoplasts could be due to a transcriptional enhancer in the 5 1 
region of the larger fragment or to the larger untranslated 

3 0 leader sequence. 

As a comparison, it is noted that the first 60 nucleotides 
of the CaMV leader (from +1 to the first ATG) stimulates 
expression of a downstream gene by about 2 fold (Dowson et al, 
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Plant, MoT Biol . 23:97-109, 1993; and Fytterer et al, EMBQ J , 
9:1697-1707, 1990). Similar effect has been reported for the 
untranslated leader of the rice tungro bacilliform virus (RTBV) 
promoter, Fytterer et al, EMBQ J . 9:1697-1707, 1990. However 
5 there is limited sequence homology between the CsVMV leader and 
those of the CaMV or RTBV leaders. Analysis of transgenic 
plants indicate that the CsVMV promoter, as is the case with 
caulimovirus promoters, is active in all organs and in various 
cell types. The CsVMV promoter is strongly expressed in 
10 vascular tissues, in leaf mesophyll cells and in the root tips 
of rice and tobacco plants. However GUS activity was absent in 
3 non-chlorophyllous cells of tobacco pith and cortical 

parenchyma. This could indicate that the CsVMV promoter has two 
W major domains of activity, i.e., the vascular elements and the 
E 15 green, chloroplast- containing cells. However we cannot exclude 
7* the possibility that these observations are due to the 

R limitations of the staining assay. Large cells with little 

fy cytoplasm (such as parenchyma cells) may appear to contain 

little or no stain compared with smaller cells with dense 
S 20 cytoplasm. Likewise, cells with different metabolic activities 
may stain with different intensities. 

The data herein shows that expression of the CsVMV promoter 
in protoplasts and transgenic plants is relatively similar to 
that of the 35S promoter. However the nucleotide sequence of 

2 5 the CsVMV promoter has limited homologies with caulimovirus 

promoters and may imply differences in the mechanisms of 
regulation of the promoter. Analysis of CsVMV promoter sequence 
shows the presence of several motifs that resemble previously 
identified cis-elements that are implicated in transcriptional 

3 0 regulation. The presence of such motifs in the CsVMV promoter 

could explain the pattern of expression in transgenic plants. A 
16 bp motif with strong homology with the asl element of the 
CaMV 35S promoter, Lam et al , Proc Natl Acad of Sci USA , 
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86:7890-7894, 1989, was identified in the CsVMV promoter at nt 
-203 to -219. The asl element, characterized by TGACG direct 
repeats, binds to the AS1 nuclear factor, Fromm et al , Plant; 
Cell . 1:977-984, 1989, as well as the cloned TGA1 transcription 
factor, Katagiri, et al , Mol Cell. Biol, 12:4809-4816, 1992, and 
directs root tissue specific gene expression, Benfey et al ,£MBO 
J, 8 : 2195-2202, 1989. Expression of the CsVMV promoter in roots 
is similar to that induced by the CaMV 35S, Benfey et al . EMBO 
£,8:2195-2202, 1989, and ComYMV promoters, Medberry et al , Plfrflt 
Cell . 4:185-192, 1992, both of which contain the asl element. 
In the CsVMV promoter, the asl motif is located at position -203 
to -219 while in the caulimovirus promoters, it is generally 
closer to the TATA box (n.t. -83 to -63 in the 35S CaMV 
promoter; -57 to -73 in the FMV promoter) . However, in the 
ComYMV promoter, the asl motif is located between nucleotide 
-205 and -227 and is not essential for root activity, Medberry 
et al, Plant J . 619-626, 1993: it is suggested that an 
additional element is involved in the regulation of the 
expression in roots of the ComYMV promoter. Additional studies 
are necessary to determine whether position of the asl element 
relative to the TATA box sequence modulates its role in root 
gene expression. 

At position -90 to -111, a 22 nucleotide sequence 
CTTATCACAAAGGAATCTTATC (SEQ ID NO 23) was identified that is 
present at the same relative position (n.t. -78 to n.t. -100) in 
the ComYMV promoter but not in other plant pararetrovirus 
promoters. This motif is located in the ComYMV promoter in a 
region required for expression in vascular tissues, Medberry et 
al, Plant J , 619-626, 1993. The CsVMV promoter also includes 
the motif AAGATAAGG (n.t. -186. to -194) which contains the boxl 
consensus GATAAG that is present in Rbcs gene promoters, Donald 
et al, EMBO J . 9:1717-1726, 1990. In addition, the sequence 
GTAGAAA , identified at position -257 -263, is identical to the 
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binding site sequence for the MNF1 leaf -specif ic nuclear factor, - 
found in the PEPc gene promoter as well as in the 3 5S promoter, 
Yanagisawa et al, Plant Mol Biol , 19:545-553, 1992. These 
motifs could be involved in the strong gene expression of the 
CsVMV promoters in mesophyl cells. Nucleotides -170 to -13 0 
(Figure 3) contain two motifs that are similar to the SV 40 
enhancer core sequence GTGGAAAG, Ondek et al, EMBO J . 
6:1017-1025, 1987. 

9. Preparat ion of CsVMV Promoter Deletion Constructs 

The CsVMV promoter was mutated by progressive 5 ! deletions 
and by internal deletions. 

The starting plasmid for this study was pILTAB:CVP2 which 
contains a CsVMV promoter fragment extending from position +72 
to -443, Verdaguer et al. Plant Mol Biol . 31:1129-39, 1996. Due 
to the absence of convenient restriction sites in the CsVMV 
promoter fragment, polymerase chain reaction (PCR) were used to 
generate a set of 5 ! terminal and internal deletions. 

The 5 1 end deletions of the promoter were directly obtained 
by PCR amplification. We used a common reverse primer PI 1 
(Table 1) which hybridizes at the 3 ! end of the promoter paired 
with CsVMV specific primers P2 , P3 , P4 , P5 and P6 (Table 1) to 
generate five promoter fragments designated B, C, D, E and F 
having various deletions of the wild- type CsVMV promoter 
sequence . 



TABLE 1 



Name Sequence (5' to 3 ' ) Position Sense £IE 

PI GCTCTAGACCAGAAGGTAATTATCCAAG -443/-423 + 24 

P2 TATGGATCCTATGTTCAAAAATGAAG -330/-312 + 25 

P3 AAAGGATCCTGAAGACGTAAGCACTG -222/-206 + 26 

P4 AGAGGATCCGGTCGGTGATTGTGAA -178-/163 + 27 
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P5 


AAAGGATCCTTATCACAAAGGAATC 


-112/- 


95 


+ 


28 


P6 


TATGGATCCGTGTCATTTTTGCCCTTG 


-63/- 


43 


+ 


29 


PI 1 


CGGAATTCAAACTTACAAATTT CT CTAAG 


+72/+50 


— 


30 


P2 » 


TAAGGATCCTTTCCGCCCTTACATT 


-116/- 


132 


— 


31 


P3 ' 


CATGGATCCTCTATGTCTCTTTCAC 


-149/- 


168 


- 


32 


P4 


ACAGGATCCGACCTTATCTTCT 


-173/- 


187 




33 


P5 1 


ACCGGATCCTCTTCTTTTCATTGTTC 


-182/- 


199 




34 


P6 1 


TCAGGATCCTTTTCTTCGCCTGGT 


-228/- 


243 




35 


P7 1 


ATAGGATC CAT ATGTG CCGC ATA 


-334/- 


348 




36 



Table 1 illustrated oligonucleotide primers used to 
generate CsVMV promoter fragments by PCR amplification. U SID" 
indicates SEQUENCE ID NO. Primers contain CsVMV promoter 
sequences in sense ( + ) or reverse orientation (-). Coordinates 
of the primers relative to the transcription start site shown in 
Figure 3 are noted. The primers PI 1 in association with P2 to 
P6 were used to create 5' terminal deletions of the CsVMV 
promoter. Similarly, PI in association with P2 1 to P7 1 were 
used for 3 1 end deletions. PI and PI 1 contain respectively a 
Xbal and a EcoRI site at their 5 ! ends while other primers have 
a BamHI site. Restriction sites are indicated by bold letters. 

The oligonucleotide primers in Table 1 were prepared by 
phosphoramidite chemical synthesis on an automated synthesizer 
by a commercial vendor (Gibco BRL Life Technology, Inc.) . 

The resulting PCR-amplif ied fragments have a common 3' end 
at position +72 and their 5 ! end points at positions -330, -222, 
-178, -112, -63 respectively (Figure 8) . A full-length promoter 
fragment (A fragment) was also re- synthesized using the primer 
PI and PI 1 (Table 1) . PCR reactions were carried out with 100 ng 
of pILTAB:CVP2, 2 . 5 U of Taq DNA polymerase (Gibco-BRL) and 
standard concentrations of primers, MgC12 and dNTPs . Twenty 
cycles (94°C, 30s; 56°C, 30s, 72°C, 30s) of amplification were 
performed and were followed by 5 min of final elongation at 
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72 °C, Each of the five amplified DNA fragments was digested by 
BamHl and EcoRI and ligated into the same sites of a plasmid 
containing the coding sequence of the uidA gene (coding for the 
{3- glucuronidase -GUS) linked to the 3 r polyadenylation signal of 
5 the nopaline synthase gene (Figure 8) . The resulting plasmids 
were named pA, pB, pC, pD, pE, pF according to the promoter 
deletion they carry (Figure 8) . 

The internal promoter deletions were constructed in two 
steps. First, PCR condition were performed as described above 
10 to generate a set of 3' deletions of the CsVMV promoter. A 

sense primer (PI, Table 1) which hybridizes at the 5' end of the 
promoter was paired with each of 6 specific CsVMV reverse 
primers (P2 ' to P7 ' , Table 1) to generate six truncated 
promoters with a common 5 r end at position -443 and 3 ! end 
Ly i5 points spanning from position -116 to -334. Then, internal 

deletions were engineered by cloning the different 3 ■ end 
J=7 truncated promoter fragments upstream of the 5 1 end deleted 

psss 

fU promoters into the plasmids previously obtained (pB to pF) . 

p Accordingly, a 3 1 deleted promoter fragment encompassing 

M 20 nucleotides -443 to -334 was digested by BamHl and Xbal and 
ligated to the same sites in the pC plasmid. The resulting 
plasmid named pAB contains an internal deletion from nucleotides 
-334 to -222 (Figure 8) . Similarly, a fragment spanning 
nucleotides -443 to - 228 was fused to the D promoter fragment 
2 5 to create the plasmid pAC (Figure 8) . Three fragments with a 
common 5 ! end at -443 and 3 1 ends located at position -182, 
-173, and -14 9 were cloned individually into the plasmid pE to 
create the plasmid pADl and pAD2 and pAD3 , respectively (Figure 
8) . The same three fragments were cloned into pF to create the 
30 plasmid pADEl and paDE2 and pADE3 (Figure 8) . A fragment 

containing nucleotides -443 to -116 was cloned with the same 
method in the plasmid pF to generate the plasmid pAE (Figure 8) . 
All promoter sequences were verified by di-deoxynucleotide 



WO 97/48819 



-53- 



PCT/US97/10376 



sequencing. The different CsVMV promoter-uidA fusion genes were 
excised by Xbal and Hindlll and ligated to same sites of pBin 19 
binary vector used for Agrobacterium-mediated plant 
transformation. 

5 

10. Expression Analy sis of CsVMV Promoter Deletion Constructs 

a. Transfor mation of Plants With Aarobacterium 

The pBin 19 derived plasmids carrying the deleted 
promoter constructs were transferred by electroporation into 

10 Agrobacterium tumef aciens strain LBA4404 . 

Agrobacterium-mediated transformations of Nicotiana tabacum cv 
Xanthi NN were performed as previously described, Horsch et al, 
Plant molecular biology manual, pp. A5/1- A5/9. Kluwer academic 
publishers, 1988. Regenerated kanamycin resistant plants were 

15 grown to maturity in a green-house and allowed to 

self -fertilize . Rl seeds were germinated on Murashige and Skoog 
(MS) culture medium, Murashige & Skoog, PhygiQl Plant/ 
15:473-497, 1962, with 100 mg/1 kanamycin and transferred to 
soil in a green house. Between 10 and 20 independent transgenic 

20 lines were produced for each construct. Ten independent Rl 
lines for each promoter construct were analyzed. 

b. Histochemical An alysis of CsVMV Expression in Young 

25 A histochemical GUS analysis on plasmid- transformed 10 

days old seedlings was carried out in order to analyze the 
expression pattern of the deleted promoter at earlier stages of 
development . 

The young expanded leaves at the top of the plants were 
30 collected for GUS analysis. Fresh tissue sections were taken 
and incubated for 6 to 12 hrs at 37°C in reaction buffer 
containing 1 mM 5-bromo-4-chloro-3-indolyl glucuronide (X-gluc) , 
100 mM sodium phosphate buffer pH 7,2 mM potassium ferrocyanide 
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and potassium f erricyanide , and 0.1% Triton X-100. For the GUS 
histochemical analysis of young Rl seedlings, the whole 
plantlets were collected around one week after germination and 
immersed in GUS buffer, Jefferson et al, Embo J. 6:3901-7, 
1987. After few minutes of vacuum infiltration, incubation was 
carried out overnight at 3 7°C. Samples were cleared by several 
washes in ethanol 70%. Quantitative GUS analysis using the 
substrate 4 methylumbellif erone-(3-D glucuronide (MUG) were 
performed as described by Jefferson et al, Embo J. 6:3901-7, 
1987 . 

Expression patterns of the different promoter constructs 
were analyzed in transformed transgenic tobacco plants using 
histochemical staining of GUS activity. The presence of an 
intact promoter :uidA gene cassette was confirmed by PCR and/or 
Southern analysis. The GUS expression pattern observed between 
plants containing the same promoter construct was similar, with 
the few exceptions reported below. Significant and reproducible 
differences in the staining intensities between some promoter 
constructs could be clearly visualized. The plants tested in 
this study contained between 1 to 5 copies of the uidA fusion 
g ene . The copy number did not affect the characteristic pattern 
of expression observed with each construct . Moreover no clear 
correlation was noticed between the copy number and the apparent 
intensity of the staining. Different staining patterns, between 
promoter constructs indicated an effect of the deletion on the 
promoter regulation. The CsVMV promoter is expressed in all 
organs of a transgenic plants. Regions of highest promoter 
expression were located in the vascular elements, the mesophyll 
cells of the leaves and the root tips. Accordingly, GUS 
activity was analyzed in these. three different tissues and the 
results are summarized in Table 2 . 



WO 97/48819 



-55- 



PCTYUS97/10376 



TABLE 2 

Promoter Mesoohvlls Pfrlpem RPPt tlgP 



-443 


pA 




+ 


+ 


-330 


PB 


+ 


+ 


+ 


-222 


pC 


+ 


+ 


+ 


-178 


pD 


( + ) 




- 


-112 


pE 


+ 


<+/-> 


- 


-63 


pF 


+ 


- 


- 


-334/-222 


PaB 


+ 


+ 


+ 


-228/-178 


PaC 


+ 


+ 


+ 


-182/-112 


PaDI 




+ 


+ 


-173/-112 


PAD 2 


+ 


+ 


+ 


-149/-112 


PAD3 


+ 


+ 


+ 


-182/-63 


pADEl 




<-) 


+ 


-173/-63 


pADE2 




< + /-> 


+ 


-149/-63 


PADE3 




(+/-) 


+ 


-116/-63 


pAE 


+ 


+ 


+ 



The promoter construct names and end-points of the deletions are 
indicated for each construct shown in Table 2 . GUS activity- 
expression levels detected are scaled and reported in Table 2 in 
four levels: : no visible difference with the full length 

promoter (i.e., pA) ; w (+/-)": lower staining than with the full 
length promoter; "(-)": very little expression; : no 

detectable staining. 

a) 5 ! end deletions: NSVSSSS ^^ 

GUS staining in transgenic plants carrying the promoter 
construct deleted to the position -222 (constructs pC) occurred 

in the same pattern (Table 2) and was in the same range of 

\ 

s 
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intensity as what was observed with the full length promoter 
(construct pA, Figure 9A) . Further deletion of the promoter to 
the position -178 (construct pD) caused an important change in 
the GUS expression pattern (Table 2) . In leaf cross-sections of 
most of the plants carrying the pD construct, a strong staining 
restricted to the vascular elements was observed (Figure 9B) . 
No detectable GUS activity was detected in the palisade and 
spongy mesophyll cells. Three plants lines out of ten however, 
presen ted a low staining in the mesophyll cells. In all plants 
transformed with the pD construct, the root tips did not exhibit 
GUS staining (Figure 91) , while this tissue is intensely stained 
with the full-length promoter. GUS expression from the promoter 
construct pE, deleted to position -112, was restricted to the 
vascular elements (Table 2, Figure 9C) . The intensity of the 
expression was very low and long incubation time was required to 
detect a blue precipitate. The construct pF did not display any 
detectable expression. This study showed that organ specific 
functions can be attributed to distinct promoter regions. While 
the region spanning nucleotides -443 to -222 appeared to be 
non-essential for promoter activity, the region from -222 to 
-178 is apparently responsible for promoter expression in 
mesophyll cells as well as in the root tip. Consequently a 
promoter deleted to the position -178 is nearly inactive in 
green tissue although it contains all the elements necessary for 
vascular expression. The pE construct was shown to display a 
very weak vascular expression. The strong vascular expression 
visualized with the pD construct could be either due to a strong 
vascular element in the (-178/-112) region or to a non-specific 
activator present in this region which influences the vascular 
element present in the E promoter. 



b) Internal deletions 
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suggested that the vascular element mentioned earlier which is 
present in the (-112/-63) region is not required for strong 
promoter expression in vascular tissue. Therefore, an important 
vascular function can be attributed to the region (-178/-112) . 
The internal deletion encompassing nucleotides -182 to -63 
(pADEl ) had a profound effect on promoter activity (Table 2) . 
Of the 10 independent transgenic plant tested, 8 did not have 
any detectable GUS activity in the leaves and in stems. Very 
pale blue punctuation localized in the phloem elements were 
visualized in two plants after prolonged incubation (Figure 9F) . 
In contrast, a strong staining was revealed in the root tip as 
well as weaker staining in the vascular elements of the root. 
These results are somewhat in agreement with the data mentioned 
above. Indeed, the aDEI promoter does not contain the region for 
vascular expression (-178 to -63) as well as a region which is 
required for expression in the mesophyll tissue (-182 to -112) . 
The GUS activity detected in root tissue is presumably due to 
the presence of the (-443/-182) region which was shown to be 
involved in the root tip expression. 

c) The (-178 -112) promoter domain. 

The results of the 5 1 end deletions emphasized the importance of 
the (-182/-112) region for the constitutive expression of the 
CsVMV promoter. The deletion pADl indeed suppressed promoter 
activity in the mesophyll tissue and also diminished the 
vascular expression (Figure 9E) . Consequently, we made the 
construct pAD2 and paD3 to investigate this region in greater 
details (Table) . The construct aD2 , deleted from nucleotides 
-173 to -112, displayed a profile of expression similar to the 
full length CsVMV promoter (Figure 9G) . This result suggested 
that the addition of 9 nucleotides at the 5' end point of the 
(-182/-112) deletion could restore the full expression pattern 
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altered with the construct aDI « Interestingly theses 9 
nucleotides contain a GATA motif. The most dramatic difference 
was observed in mesophyll cells, which did exhibited any blue 
color when transformed with the aDI construct. The region from 
5 -182 to -173 is thus necessary for mesophyll expression. No 
significant difference could be detected between the construct 
PaD2 and pAD3 . 

In contrast, addition of the sequences -182/-173 and 
-182/-149 to paDEI to make paDE2 and pADE3 respectively, did not 
10 lead to a restoration of promoter activity (Table 2) except in 
root tips. In plants transformed with pADE2 and pADE3 , GUS 
yp staining was not observed in mesophyll cells while expression in 

J-iJ vascular elements was very low (Figure 9E) . The comparison of 

y? the constructs pAD2 and pAD3 with the constructs pADE2 and paDE3 

El 

y 15 implied an important role of the (-112/-63) region for the 

general promoter activity. However, the dramatic effect of the 
H deletion of this region could be suppressed by the addition of 

RJ the (-14 9/-116) region as suggested when comparing pADE3 with pAE 

q (Table 2, figures 9E and 9G) . These results indicated that the 

u 2 0 upstream region from -222 to -173 could not alone achieve a full 
constitutive pattern of expression- The presence of either the 
(-149 to -116) region (shown by pAE) or the region from -112 to 
-63 (shown by pAD2 and paD3 ) which could be functionally 
redundant, in association with the upstream region (-222 to 
25 -173) are necessary for optimal activity of the CsVMV promoter 
in all tissues. 

Our results indicate (as shown comparing pAE and pADE3 ) that 
the (-14 9/ -116) region is probably responsible for the strong 
vascular expression observed with the truncated promoter D. 



The deleted promoter constructs directed specific 
expression patterns which were similar to those observed in 
adult plants. In cotyledonary leaves, the constructs pD, pE, 
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pADl, which conferred a vascular specific expression pattern in 
expanded leaves of adult plants exhibited a GUS staining profile 
only in the vascular elements (Figure 9H) . Similarly, the pB 
and pC constructs which were active in both mesophyll and 
vascular tissues in tobacco plants had the same constitutive 
expression pattern in seedlings (Figure 9H) . These results 
suggested that specific expression patterns observed with the 
different deletions in transgenic plants are not influenced by 
the developmental stage of the plant. 

c. Expressi on in Transgenic Seedling Plants 

GUS activities in protein extracts prepared from leaf 
tissues were quantitatively measured using a fluorometric assay, 
Jefferson et al, Embo J . 6:3901-7, 1987. The samples were 
collected from interveinal tissue of young expanded leaves from 
5 week old transgenic tobacco plants prepared as described in 
Example 10. a)* Consequently, the enzyme activity levels 
detected reflected mainly the promoter expression in mesophyll 
tissue. As it is shown in Figure 10, the values of GUS 
activities of different transgenic lines carrying the same 
promoter construct varied by a maximal factor of 17. The 
variation in transgene expression can be attributed to a 
combination of factors including a putative position effect 
reflecting the influence of the surrounding chromatin on gene 
expression, differences in copy number or gene silencing. These 
data confirm the histochemical localization data for GUS 
expression in transgenic plants. The lowest GUS activity levels 
were detected in extracts from plants carrying the promoter 
constructs pADl, pADEl, pADE2 and pADE3 . This result was 
consistent with the histochemical analysis since these deletion 
constructs did not express the reporter gene in mesophyll cells 
of transgenic plants but displayed a weak GUS staining in 
vascular elements. Accordingly the GUS activity levels of these 
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deletions were about 2 0 fold lower than the levels detected with - 
the constructs pB and pC which exhibited strong constitutive 
expression patterns in transgenic plants. A significant drop in 
the level of activity was found if the sequence from -222 to 
-178 was deleted as shown by the construct pD. Similarly, the 
internal deletion of the sequence from -228 to -178 reduced by a 
factor five the level of GUS activity measured with the high 
expressing constructs pB or pC. These results emphasized the 
role of the region from nucleotides -228 to -178 for promoter 
expression in green tissues. 

The average level of activity measured with the construct 
pAD2 and pAD3 was higher than with the pADl construct. However 
the pAD3 activity levels were in the higher range while the 
construct pAD2 gave moderate levels of expression. This 
difference was not detected using the histochemical assay. The 
construct pAD2 was expressed in mesophyll cells of transgenic 
plants but based on the fluorometric assay it is possible that 
the GUS staining observation overestimated the level of activity 
of this promoter construct. Consequently the fluorometric GUS 
measurements suggested that the region encompassing nucleotides 

-173 to -14 9 is important for the level of expression in green 
tissues. As observed with the histochemical assay, the high 
expression level measured with the construct paD3 was abolished 
by deletion of the region spanning nucleotides -112 to -63 

(construct pADE3 ) . However, high levels of GUS activity were 
measured despite a deletion of the region containing nucleotides 

-116 to -63 (construct pAE) indicating that the region from -149 

to -116 is useful for high levels of promoter activity (as shown 

when comparing pADE3 and pAE) . 



d. Prntnpla s t Isolation. Transformation, and Culture 

Protoplasts from BY- 2 tobacco suspension cells were 
prepared and transfected with DNA essentially as described by 
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Watanabe et al, FEiBfi Letters. 219:65-69, 1987. Tobacco 
mesophyll protoplast were isolated from fully expanded leaves of 
5 W eeks old plants grown in a growth chamber. The leaves were 
surface sterilized by immersion in a 5% chlorox solution during 
5 min followed by 3 washes with sterile water. The leaves were 
dried in a laminar hood and the lower epidermis was removed by 
peeling. The peeled leaf pieces were washed in 0 . 6 M mannitol 
and transferred to an enzymatic solution containing 1.5% 
cellulase RIO, 0.3% macerozyme RIO, and 0.6 M mannitol pH 5.8. 
Digestion was carried out at 28°C for 12 to 16 hrs . The 
digestion mixture was filtered through one layer of Miracloth 
and subsequently centrifuged for 10 min at 3 00 rpm in a clinical 
centrifuge. The supernatant was collected and centrifuged a 
second time with the same settings. Protoplast pellets were 
resuspended in 20% sucrose solution and transferred to 50 ml 
volumetric flasks. The flasks were centrifuged in a J6B Beckman 
rotor at 10 0 g for 7 min. Intact round shaped protoplasts 
floating at the surface of the sucrose solution were collected 
with a Pasteur pipette and counted using an haemocytometer . 
About 1 million protoplasts were used for each electroporation . 

Mesophyll protoplasts were resuspended in 600 /il of 
electroporation buffer containing 0.55 M mannitol, 5 mM MES, 70 
mM KCl, pH 5.8. Thirty fig of plasmid DNA with 3 0 fig of 
35S-lucif erase construct, Ow et al , Science. 234:856-859, 1986, 
used as an internal standard were added to the protoplast 
solution and the DNA transfer was carried out at 200 volts and 
250 fiF using a BioRad gene pulser apparatus. After the pulse, 
the protoplasts were allowed to settle for 1 hr on ice. 
Protoplasts were cultivated at a density of 10 5 cells/ml in a 
culture medium containing 0.4 M mannitol, 30% sucrose, 4.3 g/1 
MS salts, 10 mg/1 thiamine HC1, 5 rag/1 nicotinic acid, 10 mg/1 
pyridoxine HC1, 100 mg/1 myoinositol, 2 mg/1 glycine, 2 mg/1 
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NAA, 0.5 tng/1 BAP, pH 5.8. Protoplasts were collected for 
protein extraction after 24 hrs of culture at 25°C. 

MUG and LUC assays were performed on the protoplast protein 
extracts as described above. Results were expressed as a ratio 
between the GUS activity of the CsVMV promoter construct and the 
LUC activity of the internal control. 

e. Expression of the CsVM V Promoter Constructs in 
Protoplasts 

Protoplasts prepared from BY-2 suspension cells as 
well as mesophyll cells from tobacco leaves were transfected 
with the CsVMV promoter constructs as described in Example 10. 
Transient expression of GUS was measured as described in Example 
6 at 24 h after electroporation in relation to an internal 
standard expressed from a cotransf ected lucif erase plasmid. 
Four independent transfection experiments for each protoplast 
system were carried out. The results obtained are summarized in 
the Figure 11. 

In BY-2 protoplasts, the construct pC which contains a 
CsVMV promoter deleted to position -222 retained 88% of the 
activity of the full length promoter fragment. The promoter 
activity dropped sharply to only 24% of full activity with a 
further deletion to position -178. Constructs pD and pE had 
almost the same expression level while a second drop of activity 
was observed with a deletion extending to position -63. The 
construct pF with 12% of the full promoter activity was just 
above the background level. An internal deletion from 
nucleotide -228 to -178 (construct pAC) decreased the total 
expression by more than 50%. Surprisingly the constructs pADl 
and pADEl which gave very low expression in transgenic plant 
allowed high levels of expression. This results contrasted 
sharply with what we observed in plants and could possibly 
reflect differences in cell type used in the two systems, i.e. 
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protoplasts while the region from -178 to -63 appears to be of 
lower importance in protoplast than in plants. 

ii . Discussion of Examples 9-10 
5 This study was carried out to determine the functional 

structure of the CsVMV promoter. Different domains responsible 
for promoter expression in transgenic plants were identified by 
a deletion analysis of the regulatory region of the promoter. 
Our results showed that the constitutive pattern of expression 

10 of the CsVMV promoter is due to distinct tissue-specific 

domains. Moreover, synergistic interactions between elements 
are required for optimal promoter activity. All data from 
transgenic plants were combined to determine the first 
functional map of the CsVMV promoter as illustrated in Figure 

15 12. The region spanning from nucleotide -222 to -173 contains 
cis-elements that control promoter expression in green tissues 
and in root tips. As already described, Verdaguer et al, Plant 
Mol Biol . 31:1129-39, 1996, this region contains a consensus 
sequence of the activating sequence 1 (asl) identified in the 

20 35S CaMV promoter, Lam et al, Proc Natl Acad Sci U S A. 

86:7890-4, 1989. In that promoter, the asl element is directly 
involved in the root tip expression, Fromm et al, Plant Cell , 
1:977-84, 1989, while it interacts with upstream elements to 
allow promoter activity in other tissues (Benfey & Chua, 

25 Science . 250:959-966, 1989; Fang et al , plant Cell, 1:141-50, 

1989/ Benfey et al, Embo Journal , 9 : 1677-1684 , 1990a; and Benfey 
et al, F.mbo Journal . 9:1685-96, 1990b). Lam et al, Pyoc Natl 
Acad Sci USA . 86:7890-4, 1989a, reported that mutation of this 
element in the 3 5S promoter leads to an 80% decrease of promoter 

30 activity in root and stems and an 50% decrease in "leaves. 
Truncation of the CsVMV promoter to nucleotide -178 also 
emphasized the role of the asl region for gene expression in 
root tips. The construct pADEl (deletion of the 182/-63 
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region) , which directed a' GUS staining pattern that was 
restricted to the root tissues, had an intact asl element. It 
was shown that asl interacts with TGAla , a bzip transcription 
factor from tobacco present mainly in root tissues Katagiri et 
5 al, Nature . 340:727-730, 1989; and Neuhaus et al , Plant Cell . 
6:827-834, 1994. Consequently, the root expression pattern 
observed with the pADEl construct could result from the 
interaction between TGAla and the asl sequence. However the 
pADEl construct as well as the pADl deletion (-182 to -112) 
10 showed that in the CsVMV promoter the asl element on its own, 
cannot activate promoter expression in green tissues. On the 
other hand, we showed that the region from -182 to -173 is 
jj? essential to direct promoter expression in mesophyll cells. 

TU Interestingly, this short region contains a GATA motif. The 

yy 15 specific role of this GATA region independently of the asl 
^ element cannot be assessed . Consequently, two hypothesis are 

u conceivable: either the GATA region, on its own, controls 

rLJ promoter expression in green tissue, or the GATA region and the 

q asl element act together by synergy to control the CsVMV 

^ 20 promoter activity in the mesophyll tissue. Published data 
reported that a GATA motif in the CaMV promoter, named 
activating sequence 2 (as2) , Lam & Chua, Plant Cell , 1:1147-56, 
1989, is also involved in leaf expression. Moreover the leaf 
expression controlled by this GATA region was dependent on 
25 sequences located within the -90 to -46 region of the 35S 
promoter (which contain the asl element) . The same type of 
interaction may control the CsVMV promoter expression in green 
tissue. However, the GATA motif identified in the CsVMV 
promoter is not identical with the as2 element of the CaMV 
3 0 promoter. We found a stronger , homology with a GATA box 

identified in the rice tungro bacilliform badnavirus promoter, 
Yin & Beachy, Plant J , 7:969-980, 1995) which plays also an 
important role in the activation of this promoter. We also 
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noted that in the CsVMV promoter the GATA motif resembles a box 
I consensus (GTAAPu) found in several light and 

circadian-clock-regulated promoters, Donald & Cashmore, The Embo 
Journal . 9:1717-1726, 1990; and Teakle and Key, Plant Molecular 
Riolocrv. 29:1253-1266, 1995. 

The constructs pADE2 and pADE3 which contain the asl and 
GATA elements displayed a weak GUS expression pattern in 
transgenic plants. This data implied that one or more 
additional elements are required for promoter activation in 
green tissues. We observed that the regions from nucleotides 
-149 to -112 or the region from -112/ -63 could restore promoter 
activity in mesophyll cells that was lost with the pADE2 and 
PADE3 constructs. These two regions could contain cis-acting 
elements with redundant functions that are necessary for 
promoter activation in green tissues. As it was shown by the 
construct pD or pE, these putative cis-elements are located in a 
promoter region that cannot direct gene expression in mesophyll 
cells. Synergistic or combinatorial mechanisms could prevail 
between the GATA region and the -14 9 to -63 region to allow 
expression in mesophyll cells. However, an alternative 
explanation can be proposed. We noted that the promoter is 
indeed active when at least 4 9 nucleotides are present between 
the GATA element (-182 to -173) and the position -63. The 
distance between the GATA region and the TATA box could be 
responsible of the results observed. A construct that includes 
a neutral linker keeping a correct distance between the GATA 
region and the TATA box would allow this question to be 
addressed. Nevertheless, in the CaMV 35S promoter, the asl and 
GATA motifs are located between the positions -64 and -105, so 
much closer to the TATA box than in the CsVMV promoter. Thus, 
the smaller distance between the GATA region and TATA box 
created by the paDE2 and pADE3 internal deletions, should not 
prevent the activity of the asl and GATA cis-elements. 
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Additionally, results obtained with the construct pD, which is 
able to direct high level of gene expression in the vascular 
elements , clearly suggest that the region from - 178 to - 63 
contains important cis-acting elements. Supporting this 
5 hypothesis, in vitro binding assays performed with the region 
-161 to -56 revealed a specific interaction with nuclear 
proteins. We detected only one retarded band, the formation of 
which was efficiently disrupted by competition with a 43 
nucleotide fragment extending from nucleotide -141 to -99. It 
10 would have been more consistent with our in vivo data if two 
retarded complexes had been detected since both regions from 
y3 -149 to -112 and from -112 to -63 play an active role in the 

q activation process. It is possible that one specific binding 
J* cannot be detected due to a low concentration of transcriptional 
W 15 factors in our nuclear extract or to a lower affinity for the 
s binding site or because cooperative binding with other factors 

is required. Sequence comparison analysis of the -149/-99 
fragment with nucleotide database did not reveal any strong 
D homologies. Examination of the nucleotide sequence of this 

20 fragment revealed the presence of a GTAA repeat located at 

positions -129 to -113. GTAA motifs have been found in various 
functional cis-acting elements such as the endosperm box of zein 
gene promoters, Maier et al, The Embo Journal, 6:17-22, 1987; 
and Muller & Knudsen, Plant J . 4:343-55, 1993, the asl element 
25 and the OCS consensus, Ellis et al, Plant J . 4:433-43, 1993). 

The tefl box of the promoters of the EF-la genes of Arabidopsis 
thaliania, Curie et al, Nucleic Acids Res . 19:1305-1310, 1991; 
Curie et al , Plant Mol Biol . 18:1083-1089, 1992, and 
Lycopersicon esculentum contains also a GTAA repeat and shows 
30 similarities with the GTAA box. of the CsVMV promoter. The tefl 
box which is located in the -100 region of EF-la promoters has 
been reported to be involved in promoter activation in cycling 
cells, Regad et al, Mol Gen flfinet. 248:703-711, 1995. The role 
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of the GTAA repeat in the" CsVMV promoter will have to be further 
determined . 

The expression of the CsVMV promoter in vascular elements 
is directed by the region encompassing nucleotides -178 to -63. 
5 This vascular domain contains two independent elements located 
respectively in the -149/-112 region and in the -112/-63 region. 
As mentioned earlier, Verdaguer et al, Plant Mol Biol. 
31:1129-39, 1996, the latter contains a 22 nucleotide sequence, 
characterized by a CTTATC repeat, that is present in the same 
10 relative position (-78 to -100) in a vascular domain of the 
_ Commelina yellow mottle badnavirus promoter (ComYMV) , Medberry & 

y3 Olszewski, Plant J , 3:619-26, 1993. Our results suggest that 

ru 

f^j the elements, involved in vascular expression of the CsVMV 

k2 promoter, may be the ones that interact with the upstream 

yJ 15 mesophyll region. It is interesting to note that the vascular 
T elements in the CsVMV promoter are located directly upstream of 

fr the TATA box. This arrangement is much like that reported for 

fti the RTBV and ComYMV promoters, Medberry & Olszewski, Plant J , 

D 3:619-26, 1993 ; and Yin 6c Beachy, Plant J . 7:969-980, 1995. In 

^ 20 the CaMV promoter as reported by Benfey et al, Embo J . 

9:1685-96, 1990b, the vascular element is located in the B4 
subdomain spanning nucleotides -310 to -209. Moreover in this 
promoter, the asl element is also involved in the regulation of 
vascular expression. Deletion of the asl region in the CsVMV 
25 did not affect the vascular expression. It is probable that the 
mechanisms which regulate vascular promoter activity in the 
CsVMV and the CaMV promoters are different. 

In protoplasts, CsVMV promoter activity appeared to be 
controlled essentially by the region encompassing nucleotides 
30 -222 to -178 that contains the .asl consensus sequence. It is 
surprising to observe that expression from the promoter is 
independent of the sequence from -182 to -63. For instance in 
BY-2 protoplasts, we showed that the paDE promoter construct 
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retained more than 80% of the wild-type promoter activity. 
Discrepancies of results between protoplast -based transient 
assays and transgenic plants were also mentioned for the 35S 
CaMV promoter, Fang et al, Plant Cell . 1:141-50, 1989; and Lam, 
Results Probl Cell Differ, 20:181-196, 1994. Ow et al , 
Proceedings of the National Academy of Sciences of the USA . 
84:4870-4874, 1987, reported higher activity of a -90 truncated 
3 5S CaMV promoter in carrot protoplasts than in transgenic 
plants. Similarly, we observed that the -90 derivative of the 
3 5S promoter gave strong CAT activity in BY- 2 protoplasts (data 
not shown) while it was reported that no CAT transcripts were 
detectable using the same construct in transgenic plants, Fang 
et al, Plant Cell . 1:141-50, 1989. Protoplasts are in a highly 
stressed physiological state, Roest et al, Acta Botanica 
Neerlandica , 42:1-25, 1993. The stress conditions could be 
responsible of activation or inactivation of various 
trans -acting factors interacting with the promoter. In this 
regard, several reports on the responsiveness of the asl element 
to multiple stress related signal such as auxins, salicylic 
acid, methyl jasmonate are particularly relevant, Liu & Lam, J_ 
Bio] Chem . 269:668-675, 1994; Qin et al , The Plant Cell/ 
6:863-874, 1994; Zhang & Singh, PrPC Natl Acad Scj TJ g A, 
91:2507-11, 1994; and Xiang et al, Plant Mol Biol . 32:415-26, 
1996. 

We showed previously that in BY-2 protoplats, a CsVMV 
promoter construct encompassing nucleotides -368 to +20 was two 
fold less active than the full length promoter (-443 to +72) , 
Verdaguer et al, Plant Mol Biol , 31:1129-39, 1996. The present 
study indicated that 5 ' terminal truncation of the promoter to 
position -222 did not affect the activity level. Indeed, in BY2 
protoplasts, the construct pC retained more than 80% of the full 
length promoter activity. Consequently, the difference in 
promoter expression detected earlier is most probably due to the 
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